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II. INTRODUCTION 

 

The most commonly seen chronic intramedullary pathologies in histopathological studies of 

post-traumatic spinal cord injuries include spinal cord degeneration, atrophy, demyelination, gliosis, 

malacia, necrosis and subsequent cavitations (Smith and Jeffery, 2006; Griffiths et al, 1972; Wright 

and Palmer, 1969; Ryu et al., 2012; Henke et al., 2013; Vandevelde et al., 2012).  

It could be demonstrated that dogs share many similarities with spinal cord injury (SCI) 

features of humans (Jeffery et al., 2006; Smith and Jeffery, 2006; Levine et al., 2010).  

Above mentioned non-cavitational myelopathies in human literature are recognised as  

hyperintense irregulary shaped intramedullary areas with less intense signal in comparison to 

cerebrospinal fluid (CSF) signal in T2 weighted magnetic resonance images (T2W MRI) (Falcone 

et al., 1994; Wang et al., 1996; O'Beirne et al., 1993; Silberstein and Hennessy, 1993; Potter and 

Saifuddin, 2003) . These areas are described as hypointense or isointense areas in T1 weighted 

images (T1WI) (Falcone et al., 1994; Wang et al., 1996; O'Beirne et al., 1993; Silberstein and 

Hennessy, 1993). In canine patients with chronic spinal cord changes MRI features of non-

cavitational intramedullary lesions have been poorly decribed. Penha et al. (2014) observed in his 

clinical trial intramedullary hyperintense signals in T2WI MR images of dogs with chronic 

paraplegia after acute intervertebral disc herniation (IVDH) (Penha et al., 2014). 

In human MRI studies syringomyelia is defined as a tubular CSF signal intensity (Potter and 

Saifuddin, 2003; Wang et al., 1996). The distinction between post-traumatic cavitations and 

syringomyelia is cumbersome, but most authors agree, that cavitations are more restricted to the 

SCI epicenter lesions, while syringomyelia extends beyond the limits of SCI (Potter and Saifuddin, 

2003; Wang et al., 1996; Silberstein and Hennessy, 1993). Intramedullary cavitations and/or 

syringomyelia in MRI of dogs, as well as in humans, are seen as hyperintense intraparenchymal 

signals with well-defined margins (isointense or slightly hypointense to CSF signal) in T2WI and 

hypointense in T1WI (Platt and Freeman, 2013; Gavin and Bagley, 2009).  

The incidence of post-traumatic chronic intramedullary changes and intramedullary 

cavitations/syringomyelia in human patients is still uncertain, but is reported to reach up to 80%/ 

51%, respectivelly (Wang et al., 1996; Backe et al., 1991; Squier and Lehr, 1994).  

Unsuccessful outcome after acute IVDH was observed to be associated with severe chronic 

histopathological changes in spinal cord parenchyma of canine patients (Smith and Jeffery, 2006; 
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Henke et al., 2013; Griffiths, 1972; Wright and Palmer, 1969). By contraries, dogs, which 

underwent control MRI examinations after successful IVDH treatment, had no changes observed in 

MR images of their spinal cords (Forterre et al., 2010). 

Hyperintensity in T2WI in initial MRI of dogs, suffering from acute intervertebral disc 

herniations are well described and are associated with worse prognosis of the patients (Ito et al.; 

2005; Ensinger et al., 2010). The features of chronic post-traumatic intramedullary changes, 

including post-traumatic syringomyelia in MRI are not yet described to our knowledge.  

It was observed in human patients, that intramedullary myelopathies and 

cavitations/syringomyelia are associated with initial clinical signs (O'Beirne et al., 1993; Silberstein 

and Hennessy, 1993; Wang et al., 1996; Vannemreddy et al., 2002), post-traumatic recovery 

(Silberstein and Hennessy, 1993; Wang et al., 1996) and spinal canal compromise (Vannemreddy et 

al., 2002).  

Hypotheses of the current study were therefore: more pronounced intramedullary lesions 

and/or cavitations are associated with more severe initial trauma to the spinal cord, patient negative 

outcome, number of manipulations (decompressive surgeries) on the spinal cord and time interval 

between SCI and adequate decompression. In order to prove our hypotheses, we collected dogs with 

different outcomes and compared observations in their MRI investigations with initial clinical and 

imaging data – neurological grade at the day of presentation, intramedullary hyperintensity in T2WI 

initial MR images, number of decompressive surgeries, performed on study patients and time 

interval between SCI and full decompression of the spinal cord. Additionally, we made attempt to 

investigate, if intramedullary lesions/cavitations have different extent at different time periods 

following SCI.  
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III. LITERATURE OVERVIEW 

 

III.1. Hansen type I intervertebral disc herniation (IVDH) and its consequences 

 

In 1952, H.J. Hansen introduced the pathology of intervertebral disc displacements, 

and since then intervertebral disc extrusion is referred to as Hansen type I intervertebral disc 

herniation. Hansen type I IVDH is characterized by rupture of annulus fibrosus and extrusion 

of nucleus pulposus material of the degenerated disc into the vertebral canal and acute 

compression of the spinal cord. Most intervertebral disc extrusions are spontaneous and are 

not associated with any traumatic event (DeLahunta and Glass, 2009). Hansen type I IVDH 

typically affects chondrodystrophic breeds and has acute onset of clinical signs. IVDH 

accounts for 2.02 % of all diseases, diagnosed in dogs (Coates, 2013). Small to medium breed 

dogs, weighting less than 20 kg are commonly affected. Breeds, mostly predisposed to 

thoracolumbar IVDH are Dachshund, Beagle, Shi-Tzu, Pekingese, Pug dog (Itoh et al., 2007). 

Incidence of IVDH peaks at 4-6 years of age in chondrodystrophic breeds. Hansen type I 

herniation commonly occurs in thoracolumbar region of spinal cords of chondrodystrophic 

breeds (Coates, 2013).  

At the time of presentation dogs may show clinical signs varying from spinal 

hyperesthesia to paraplegia without deep pain sensation (Coates, 2012). 

At the time of intervertebral disc herniation the interruption of normal blood supply 

occurs at lesion epicenter because of the mechanical compression and contusion of the spinal 

cord (DeLahunta and Glass, 2009; Vandevelde et al., 2012).  

Spinal cord contusion is characterised by minor, localized axonal injury, vascular tears, 

hemorrhage, necrosis and interruption of blood-brain barrier (Zachary, 2011; Jeffery et al., 

2013).  

From hours to days secondary changes develop in the spinal cord following spinal 

cord contusion (Vandevelde et al., 2012). Trauma induces disruption of blood flow 

autoregulation and abrupt rise of catecholamines causing rapid increase in blood pressure, 

which may cause central nervous system (CNS) tissue edema. At the same time direct 

mechanical disruption of blood vessels result in ischemia and depletion of energy stores. This 
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leads to excitotoxicity causing subsequent necrosis and apoptosis (Vandevelde et al., 2012). 

Altered tissue environment can lead to vasospasm a few days after trauma and diminish blood 

supply to the traumatized tissue. Membrane damage at the level of blood-brain barrier causes 

vasogenic and cytotoxic edema. This further compromises tissue perfusion. These destructive 

changes are followed by inflammatory reaction and removal of cell debris and blood 

(Vandevelde et al., 2012). Glial scar is formed, which is located between affected and 

unchanged parenchyma (Jeffery et al., 2013).  

Intervertebral disc herniation causes extramedullary compression of the spinal cord. 

Compression of CNS tissue causes neuronal dysfunction by impeding normal anterograde and 

retrograde axoplasmic flow in axons (Zachary, 2011). Also compression of nerves cause 

reduced blood flow to nerves and in this way contributes to neuronal dysfunction. Mild 

compression can result in partial blockage of slow axoplasmic flow and gradual accumulation 

of neurofilaments and microtubules, which result in mild enlargement of the axon proximal to 

the compression site and atrophy of the axon distal to the compression. Eventually, with a 

long period of time of complete blockage, the distal axon is lost. (Zachary, 2011).  

Chronic compression leads to hemodynamic changes, which cause perfusion failure, 

vascular stasis, leakage of plasma proteins, increased osmotic pressure in the tissue, leading to 

edema. Compression lesions are more obvious in the white matter (Vandevelde et al., 2012). A 

spongy state occurs, which is most pronounced adjacent to the compressive force. Spongy 

state is caused by edema or by destructive lesions – demyelination, axonal 

disruption/swelling. In severe lesions, extensive necrosis of white and grey matter may be 

present (Vandevelde et al., 2012).  

Depending on the stage of spinal cord injury, reactive changes such as influx of 

neutrophils, macrophages, also vascular proliferations and gliosis are detected. After several 

days more Wallerian degeneration is present in ascending and descending tracts of the spinal 

cord (Vandevelde et al., 2012). In chronic compressions loss of neurons and gliosis in the grey 

matter is often present. Ependymal lining of the central canal may rupture with leakage of 

spinal fluid to the parenchyma, causing interstitial edema and formation of fluid-filled cavities 

(syringomyelia). (Vandevelde et al., 2012) 

In each case of intervertebral disc extrusion the distribution of compressive and 

contusive forces on the spinal cord differ widely. (Jeffery et al., 2013). 
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III.2. Decompressive surgery 

 

Surgical management of acute IVDH is indicated, when mild paresis and spinal 

hyperesthesia are unresponsive to medical therapy, recurrence or progression of clinical signs 

occur or non-ambulatory paraparesis or paraplegia are present (Coates, 2013). Loss of 

nociception, lasting more than 48 hours carries a poor prognosis and owners should be 

informed about the situation prior to surgery. Surgery includes decompression of the spinal 

cord and removal of the extruded material (Coates, 2013).  

Decompressive procedures for thoracolumbar IVDH include laminectomy, 

hemilaminectomy and mini-hemilaminectomy or corpectomy. Hemilaminectomy significantly 

improves retrieval of extruded disc material with minimal spinal cord manipulation and is 

most commonly used in patients with acute IVDH (Coates, 2013; McKee, 1992). Success 

rates following decompressive surgery range from 58,8 % to 95% (Schulman and Lippincott, 

1987). 

 

III.3. Initial clinical data as prognostic factors for dogs with acute IVDH 

 

It is known, that recovery rates of non-ambulatory acute thoracolumbar IVDH canine 

patients depend on the neurological dysfunction (neurological grade) at presentation, time 

interval between onset of clinical signs to decompressive surgery and speed of onset of 

clinical signs (Coates, 2013). 

Non-ambulatory dogs with present deep pain perception at presentation are likely to 

regain ambulation in up to 89% of cases (Ferreira et al., 2002; Gambardella, 1980). In contrast 

dogs, that are presented without deep pain sensation, are likely to regain ambulation in up to 

76% of cases, if decompression is achieved within 12 hours (Anderson et al, 1992; Ruddle et 

al, 2006) after SCI and up to 33%, if decompression is achieved later than 48 hours following 

spinal cord trauma (Scott and McKee, 1999; Loughin et al, 2005). The speed of onset of 

clinical signs influences the outcome of the patients. Dogs with slower onset of clinical signs 

are more likely to regain ambulation. Peracute onset of clinical signs indicate worse outcome 

for dogs with absent nociception (Ferreirra et al, 2002). 
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III.4. MRI features of acute and chronic intramedullary lesions 

 

Magnetic resonance imaging (MRI) is a diagnostic imaging modality of choice in the 

recognition of intramedullary pathological changes (Coates, 2013).  

 

III.4.1. Acute lesions 

 

Acute pathologies observed in spinal cord parenchyma in T2W images displayed as 

high signal intensities include necrosis, myelomalacia, intramedullary haemorrhage, 

inflammation and edema. However, it is hard to distinguish between the specific types of 

pathology (Coates, 2013). It was confirmed in previous studies of dogs with Hansen type I 

herniation, that intramedullary hyperintensity in T2W MRI at presentation is associated with 

worse outcome of the patients. The extent of intramedullary hyperintensity in comparison 

with second lumbar (L2) vertebra length is also associated with outcome. Dogs, lacking 

hyperintensive signal in initial T2W images are more likely to regain ambulation and dogs, 

with T2W hyperintensity greater than three times the length of L2 vertebral body, are likely to 

have negative outcome (Levine et al., 2009; Ito et al., 2005).  

The most severely affected dogs, presented with paralysis without deep pain 

perception develop ascending descending hemorrhagic myelomalacia, an autodestructive 

myelopathy (Coates, 2012, Platt et al., 2006). Ascending descending myelomalacia is a well 

described syndrome in canine patients, affecting up to 10% of canine patients with loss of 

nociception, suffering from acute IVDH. It is a rapid spreading softening of intramedullary 

parenchyma (primarily – white matter), causing fast deterioration of neurological status of the 

patient. Pathophysiology underneath is not clear, but it is considered to be a consequence of 

extensive bleeding into the spinal cord. The outcome, associated with ascending descending 

myelomalacia is always negative (Vandevelde et al., 2012; Coates, 2012). Ascending 

descending myelomalacia in MRI of canine patients is recognized as hyperintensive signal in 

T2WI and isointense signal in T1WI (Okada et al., 2010; Platt et al.; 2006; Vandevelde et al., 

2012; Coates, 2012).  
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III.4.2. Chronic changes 

 

Areas of focal hyperintensive signal on T2W images in chronic spinal cord diseases 

are considered to be focal myelomalacia and cavitations (syringomyelia) (Coates, 2012).  

Post-traumatic intramedullary changes and posttraumatic cavitations were observed in 

MR images in few studies, involving new treatment modalities for canine patients following 

SCI. Study of Penha et al. involved MRI examinations of the patients up to 18-20 months 

after IVDH. Hyperintensity in T2WI of their spinal cords was observed. More extensive 

intramedullary lesions in MRI examinations were associated with worse outcome (Penha et 

al., 2014). Ryu et al. performed MRI investigations 5 and 9 weeks following spinal cord 

trauma. At both time points chronic intramedullary lesions and cavitations were found. The 

changes in MR images corresponded to histological appearance of the spinal cords. 

Cavitations were observed in grey matter of the spinal cord (Ryu et al., 2009). Forterre et al. 

performed MR examinations for 12 patients with positive outcome, which had acute IVDH 

and underwent decompressive surgery 6 weeks before the MRI. In all patients no 

abnormalities were found in their spinal cords (Forterre et al., 2012). 

 

III.5. Histopathological studies of canine patients with chronic intramedullary 

lesions following SCI 

 

Chronic intramedullary lesions following SCI were investigated in histopathological 

examinations (Wright and Palmer, 1969; Griffiths, 1972). Demyelination, axonopathy, 

inflammation with infiltration of gitter cells (phagocytes), gliosis, increased vascularization, 

focal malacia, cavitations were observed in the affected spinal cords (Wright and Palmer, 

1969; Griffiths, 1972). 

The study performed by Henke et al. (2013) compared severity of clinical signs after 

acute IVDH and histopathological changes in white and grey matter following SCI. 

Histopathological changes in the white matter significantly correlated with neurological grade 

at presentation. Absent nociception was associated with severe changes in the white matter of 

spinal cords (Henke et al., 2013). 

In one of their studies Smith and Jeffery (2006) were investigating histopathological 
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changes in the spinal cord of one dog 12 weeks following spinal cord trauma. Demyelination, 

remyelination and gliosis were recognized, but no cystic lesions were observed (Smith and 

Jeffery, 2006). 

Ryu et al. (2012) performed histopathological examinations in the spinal cords of dogs 

8 weeks after injury and myelin sheath dilatation in the white matter, astrogliosis, 

demyelination in grey matter, fibrosis and inflammatory infiltration in injury epicenter were 

detected (Ryu et al., 2012). 

 

III.6. Post-traumatic intramedullary cavitations resemble syringomyelia in dogs 

 

Syringomyelia is a well described intramedullary abnormality in dogs (DeLahunta and 

Glass, 2009; Platt and Freeman, 2013). Syringomyelia is a condition characterized by fluid-

filled cavitation (syrinx) or multiple cavitions within spinal cord parenchyma. The formation 

of pathology is associated with obstructed cerebrospinal fluid (CSF) flow (secondary to 

Chiari-like malformation, trauma, inflammation, neoplasia) (Platt and Freeman, 2013; Gavin 

and Bagley, 2009). Diagnosis of syringomyelia is made by means of advanced diagnostic 

imaging (MRI). It is recognized as hyperintense signal in T2W MR images and as 

hypointense signal in T1W images (Platt and Freeman, 2013; Gavin and Bagley, 2009) 

 

III.7. Chronic myelopathies and cavitations (syringomyelia) in human medicine 

 

III.7.1. Incidence 

 

The incidence of post-traumatic intramedullary changes in humans is still in debate. 

Wang et al. (1996) reported posttraumatic intramedullary changes (atrophy, myelomalacia, 

cystic lesions, syringomyelia, spinal cord disruption and tethering) with a prevalence of up to 

80% in symptomatic and asymptomatic patients. Post-traumatic syringomyelia (PTSM) had a 

prevalence of 21% (Wang et al., 1996). In post mortem histopathological studies a prevalence 

of 20% was established (Squier and Lehr, 1994). In another study of PTSM using MRI, 

incidence reached up to 51% in symptomatic and asymptomatic patients (Backe et al., 1991). 
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III.7.2. MRI 

 

In human patients chronic, usually progressive post-traumatic changes are summarised 

as myelomalacic myelopathies manifested in MR images as iso- or hypointense signal in 

T1WI and hyperintense signal in T2WI (Falcone et al, 1994; Wang et al., 1996; O’Beirne at 

al., 1993; Silberstein and Hennesy, 1993). The margins of the lesions in MRI are irregular 

(Falcone et al., 1994; Wang et al., 1996; O’Beirne at al., 1993; Silberstein and Hennesy, 

1993). 

Syringomyelia is defined as a (CSF) signal intensity well demarcated cavity, 

hyperintense in T2W MR images and hypointense in T1W and FLAIR images. Sometimes 

signal within a cavity is higher than CSF signal in T1W images because of the higher protein 

content in the cavity (Potter and Saifuddin, 2003; Silberstain and Hennessy, 1993: Do-Dai et 

al., 2010). 

By some authors fluid-filled cavitations and syringomyelia are distinguished from 

each other by diagnostic imaging and histopathological criteria (Norenberg et al., 2004; Wang 

et al., 1996). Cavitations are thought to be a final “healing” phase of necrotic (malacic) 

process with thin wall (Norenberg et al., 2004) and restricted to lesion epicenter (Wang et al., 

1996). Syringomyelia is thought to be a progressive lesion, extending beyond SCI epicenter 

(Norenberg et al., 2004; Wang et al., 1996). In the current study intramedullary fluid-filled 

structures are not distinguished for simplicity.  

 

III.7.3. Histopathology 

 

In human medicine histopathological features of chronic post-traumatic myelopathies 

and syringomyelia are similar, as in canine patients (Norenberg et al., 2004). Wallerian 

degeneration, gliosis, glial scar formation, malacia, fluid-filled cavities and schwannosis are 

detected (Norenberg et al., 2004; Squier and Lehr, 1994; Bruce et al., 2000; Ohshio et al., 

1993). 
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III.7.4. Formation of syringomyelia 

 

At the level of spinal cord trauma and subsequent subarachnoid hemorrhage, cord 

contusion and laceration, impairment of CSF flow occurs, caused by arachnoiditis, scarring 

and/or spinal cord stenosis. Kyphosis might also contribute to disruption of normal CSF flow 

(Cho et al., 1994; Vannemreddy et al., 2002). Syringomyelia also has been reported to be 

caused by spinal fixation surgery and cord tethering (Vannemreddy et al., 2002).  

The most accepted theory of the pathophysiology of syringomyelia formation and 

expansion is the intramedullary pulse pressure theory, explained by Greitz (Greitz, 2006). 

Filling and suction effects contribute to the formation of syringomyelia (Shields et al., 2012). 

Because of the obstructed subarachnoid space at the point of previous SCI, CSF pulse 

pressure during systole is increased cranially to SCI epicenter and decreased caudally. That 

generates a pressure gradient. Filling effect is described by transmission of CSF into the spinal 

cord parenchyma through Virchow-Robin spaces, induced by increased systolic pulse pressure 

cranial to obstructive lesions (Shields et al., 2012; Greitz, 2006). Venturi or suction effect is 

based on increased CSF flow velocity and decreased pressure along the narrowed 

subarachnoid space at the SCI epicenter. Subsequently, spinal cord is distended by the fluid in 

the cavity, which has a higher pressure gradient and is moving towards the lower pressure 

gradient in subarachnoid space (Shields et al., 2012; Greitz, 2006).  

 

III.7.5. Clinical relevance 

 

III.7.5.1. Initial neurological state 

 

Prevalence of PTSM was found to be higher in human patients with severe initial SCI 

in few studies (Vannemreddy et al., 2002; Perrouin-Verbe et al., 1998; Wang et al., 1996; El 

Masry and Biyani, 1996).  Wang et al (1996) reported that more extensive intramedullary 

cavities were associated with worse neurological state of the patients at presentation (Wang et 

al., 1996). Other studies did not confirm that association (Ko et al., 2012).  

Human patients with hyperintense signal in T2W images in initial MR examinations 

were likely to develop PTSM subsequently (Silberstein and Hennesy, 1993). However, no 
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association between extent of the cavitations and time taken for them to develop was detected 

(Curati et al., 1992). 

 

III.7.5.2. Outcome 

 

Negative outcome (including no improvement and deterioration of clinical signs) is 

associated with presence of syringomyelia in human patients (Wang et al., 1996; Potter and 

Saifuddin, 2003, Backe et al., 1991). 

Although correlation was not found between extent of the cavitations and severity of 

paralysis (Curatti et al., 1992), cavitations restricted to SCI epicenter were not associated with 

clinical signs whereas syringomyelias had an association (Wang et al., 1996). 

 

III.7.5.3. Spinal canal stenosis 

 

Some studies found association between spinal canal stenosis and formation of PTSM 

(Perrouin-Verbe et al., 1998, Schurch et al., 1996). On the other hand, Wang et al. (1996) did 

not find such correlation (Wang et al., 1996). In the study of Vannemreddy et al. (2002) 

displaced spinal fractures and surgical spinal fixation were associated with early onset of 

PTSM, but hemilaminectomy was associated with delayed formation of PTSM (Vannemreddy 

et al., 2002). In Perrouin-Verbe´s study patients after hemilaminectomy with spinal canal 

stenosis were less likely to develop PTSM (Perrouin-Verbe et al., 1998). 

 

III.7.5.4. Focal reduction of spinal cord diameter 

 

Reduction of spinal cord diameter is mainly due to demyelination and is not 

necessarily associated with neurological dysfunction of human patients (Nordqvist, 1964). 

Over 50% of patients with paralysis had spinal cord atrophy, restricted to SCI 

epicenter (Vaquero and Zurita, 2013). It is not known, if this feature has a clinical 

manifestation. 

MRI features of chronic intramedullary changes haven‘t been described in canine 

patients and the extent of these changes haven‘t been associated with clinical data. Therefore, 
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the aim of our study was to retrospectivelly collect patient which underwent MRI 

examinations 3 weeks or later following SCI, describe MRI features of the chronic 

intramedullary changes and find out, if these features have correlations or associations with 

clinical data.  
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IV. MATERIALS AND METHODS 

 

IV.1. Inclusion criteria and obtained clinical data 

 

For the current retrospective study the database of the Small Animal Hospital of University 

of Veterinary Medicine Hannover was reviewed to find canine patients with chronic SCI. The time 

interval for the search ranged from 2010 to 2014. Following inclusion criterias were used to select 

the patients: body weight less than 20 kg, history of thoracolumbar spinal cord trauma (including 

IVDH), 3 Tesla MR investigations performed 3 weeks or later after spinal cord trauma. 39 dogs 

fullfilled the requirements and were included in the study. 

All procedures were approved by the Animal Welfare Officer of the University of Veterinary 

Medicine Hannover and the Lower Saxony State Office for Consumer Protection and Food Safety, 

Oldenburg, Germany (TV-No. 33.9-42502-05-12A223).  

Onset of paresis/paralysis was established according to patient history, obtained from the 

owners at the presentation. Acute onset of paraplegia was considered, when patients showed onset 

of paraplegia in less than 48 hours period. Based on severity of neurological dysfunction, initial 

neurological examination results were summarised as Grades I, II, III, IV or V (Sharp and Wheeler, 

2005):  

Grade I  spinal hyperesthesia only 

Grade II ambulatory paraparesis 

Grade III nonambulatory paraparesis 

Grade IV paraplegia 

Grade V paraplegia with absent deep pain perception 

 

In 11 patients information about neurological grade immediately after SCI was not available, 

because they were presented in Small Animal Hospital as chronic post-traumatic patients (Table 1). 

Only patients with thoracolumbar spinal cord lesions, confirmed by means of MRI or 

surgery, were included in the study. All patients, which had additonally other lesions  in their spinal 

cords, with exception of mild intervertebral disc protrusions, were excluded from the study.  

All clinical data were reviewed, including age, breed, sex, body weight, clinical history, 

information about applied treatment and outcome of the patients. Follow-up was available for at 

least 7 months post-traumatically (except in the patients, which died or were euthanised after 
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shorter period).  

Time interval between onset of acute clinical signs and adequate decompression of spinal 

cord was noted. Decompression was considered adequate, when MRI observers subjectively agreed, 

that spinal cord is not compressed. Patients were categorised in three groups, according to the time 

interval between SCI and adequate decompression: 

 

Group I ≤ 24 hours after SCI 

Group II > 24 hours, but ≤ 48 after SCI hours after SCI 

Group III >48 hours after SCI 

 

Two dogs, which had subacute onset of clinical signs, were excluded from this evaluation 

(Table Nr.1).  

Number of decompressive surgeries performed on selected patients, including the ones 

performed by other veterinary facilities, were recorded.  

Outcome was grouped into two categories: 

 Negative - animals did not regain ambulation in 7 months after presentation 

in the hospital or were euthanised/died by themselves without showing signs of 

improvement; 

 Positive - return to ambulatory state within 7 months following SCI (≥Grade 

II). 

 

IV.2. MRI 

 

All patients were premedicated with acepromazine (0.02 – 0.05 mg/kg, i.v., Vetranquil®, 

CEVA Tiergesundheit GmbH, Düsseldorf, Germany) and levomethadone (0.2 - 0.6mg/kg, i.v., L-

Polamivet®, Intervet Deutchland GmbH, Unterschleißheim, Germany). General anesthesia  was 

induced using propofol (2 mg/kg until effect, i.v., Narcofol 10mg/ml®, CP-Pharma 

Handelsgesellschaft mbH, Burgdorf, Germany). All dogs were intubated and received inhalation  

with oxygen and isoflurane (Isofluran-Baxter, Baxter Deutschland GmbH, Unterschleißheim) for 

maintenance of general anesthesia.  

3.0T Philips Achieva MRI scanner (Phillips Medical Systems, Eindhoven, The 

Netherlands) was used for all selected patients. 15 channel SENSE (sensitivity encoding) spine coil 
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was applied. Spin echo T1W transverse (TR = 491.6, TE = 8, slice thickness = 2 mm), T2W 

transverse (TR = 8418.8, TE = 120, slice thickness = 2 mm), T2W FLAIR transverse (TR = 10000, 

TE = 140, slice thickness = 3.5 mm) and T2W sagittal (TR = 3100, TE = 120, slice thickness = 1.8 

mm) images were acquired. 

MRI images were analysed and measurements were made in sagittal and transverse T2W, 

T1W and FLAIR MRI views using measurement and marking tools, installed in the EasyImage 

image processing software (EasyImage®, Hannover, Germany). 

MR images were reviewed by two board certified neurologists (A.T. and V.S.). 

All 39 patients had T2W images available in all MR investigations. T2WI, T1WI and fluid 

attenuated inversion recovery (FLAIR) images were available in 29 patients. 7 dogs had T2WI and 

T1WI available. 3 dogs from our study had only T2WI available.  

We used initial MRI to assess acute intramedullary changes in the spinal cords. Imaging 

data immediately after (<48 hours) SCI was available in 27 patients. In these dogs the presence of 

hyperintensity in T2WI was noted. 

Chronic intramedullary changes were assessed in MRI, made not earlier than 3 weeks after 

SCI. Each study patient had different numbers of MRI examinations available. 18 study patients 

had only one MRI examination performed of the spinal cord later than 3 weeks after SCI. 5 dogs 

had two MRI investigations at different time points, 7 dogs had three MRI investigations and 9 dogs 

had four MRI investigations performed on their spinal cords at different time points (Table 1). 

Intramedullary cavitations were defined as well demarcated hyperintense (equal to CSF or 

slightly lower) signal in T2WI and hypointensity in T1WI and/or FLAIR images in spinal cord 

parenchyma (Fig. 1).  

Intramedullary lesions were defined as all abnormal intraparenchymal spinal cord findings 

in MRI – non-cavitational myelopathies – areas of ill demarcated lesions (hyperintense in T2WI in 

comparison to surrounding spinal cord parenchyma signal, but less signal intensity than 

surrounding CSF) and well demarcated cavitations, described above (Fig. 1). 
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Fig. 1. Detection of intramedullary lesions and cavitations in sagittal T2W and 

transversal T2W, T1W and FLAIR MRI views (Dachshund (4 years old), 5 months 

following SCI). 

 

 

Time of MRI investigations in regard to onset of SCI was recorded (Table 1).  

MRI time points of chronic lesions varied widely among the patients. We divided time 

points to 9 groups, in regard to time after SCI injury to see the distribution of MRI examinations, 

performed on the patients (Table 1). 

In all MRI examinations 3 weeks post SCI or later the following features were 

investigated: SCI location (epicenter), presence of intramedullary lesions, presence of 

intramedullary cavitations, location of intramedullary lesions in regard to SCI epicenter (cranially, 

caudally or restricted to SCI epicenter), length of intramedullary lesions and cavitations in sagittal 

MRI views, degree (area) of spinal cord lesion in transversal views and degree of spinal cord 

diameter reduction.  

To measure the extent of intramedullary lesions we used the methods already described 

before (De Risio et al., 2007). Length of intramedullary lesions and intramedullary cavitations were 

compared to the length of second lumbar (L2) vertebral body length (Levine et al., 2009). L2 

vertebral body was measured in sagittal T2WI from cranial to caudal end plates (Ensinger et al., 
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2010). The extent of intramedullary lesion/cavitation was divided by the length of L2 vertebral 

body and expressed as a number (Fig. 2). 

 

Lesion length (n) = Length of the lesion (mm) / L2 vertebral body length (mm) 

 

 

Fig. 2. Length of intramedullary lesions and cavitations was measured in sagittal T2W MRI 

views and compared to length of L2 vertebral body length (Daschund (5 years old) 7 months 

following SCI). 

 

 
Fig. 3. Area of intramedullary lesions and cavitations was measured in 

transversal MRI views and compared to whole spinal cord area (French 

bulldog (4 years), 1 year and 2 month following SCI).  

 

 

Fig. 4. Diameter of the spinal cord was measured in lesion epicenter and compared to the 

diameter of apparently normal spinal cord cranially and caudally (Dachshund (5 years old), 1 

months following SCI). 
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Patient 

Nr. 

Acute1/ 

subacute2/ 

chronic3 

MRI sequences 

availabley 

3 weeks 

- 2 

months 

2-5 

months 

5-8 

months 

8–11 

months 

11-14 

months 

14-17 

months 

17-20 

months 

>20 

months 

1 Chronic T2, T1, FLAIR   xx x x         

2 Acute T2, T1, FLAIR   x x x         

3 Chronic x T2, T1, FLAIR       x xx x     

4 Chronic T2, T1   xx x x         

5 Chronic x T2, T1, FLAIR     xx x x       

6 Chronic x T2, T1, FLAIR         xx x x   

7 Chronic x T2, T1       xx         

8 Acute T2, T1, FLAIR x x x           

9 Acute T2, T1, FLAIR x x x           

10 Chronic x T2, T1, FLAIR         xx x x   

11 Chronic x T2, T1, FLAIR   x x x x       

12 Chronic T2, T1, FLAIR     x x x x     

13 Chronic x T2, T1, FLAIR x xx   x         

14 Acute T2, T1, FLAIR x x x           

15 Acute T2, T1, FLAIR x x x           

16 Acute T2, T1, FLAIR x x             

17 Acute T2, T1, FLAIR   x             

18 Acute T2, T1, FLAIR x x   x         

19 Acute T2, T1, FLAIR   x x           

20 Acute T2, T1, FLAIR   x             

21 Chronic x T2, T1, FLAIR x   x           

22 Acute T2, T1, FLAIR   x             

23 Acute T2, T1, FLAIR   x             

24 Acute T2, T1, FLAIR x x             

25 Acute T2, T1   x             

26 Acute T2, T1   x             

27 Acute T2, T1   x             

28 Acute T2, T1, FLAIR x x x           

29 Acute T2, T1   x             

30 Acute T2               x 

31 Subacute T2               x 

32 Subacute T2               x 

33 Chronic T2, T1, FLAIR   x             

34 Acute T2, T1, FLAIR   x             

35 Acute T2, T1, FLAIR   x             

36 Acute T2, T1, FLAIR   x             

37 Acute T2, T1, FLAIR   x             

38 Acute T2, T1, FLAIR   x             

39 Acute T2, T1   x             

 

Table 1 . Time points of MRI investigations after spinal cord injury (SCI).  
1 Acute – dogs were presented in the Small Animal Clinic with acute onset of paraplegia, 2 Subacute – dogs 

were presented in the hospital with slow onset of clinical signs over several days, they were ambulatory, 3 

Chronic - dogs were presented in the hospital 2 weeks and later after acute onset of paraplegia.  
x Dogs had decompressive surgery in other veterinary clinics or hospitals before presentation in Small 

Animal Clinic of  the University of Veterinary Medicine of Hannover.  
y Mentioned sequences were available in at least one MRI examination 
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The degree of spinal cord lesion in transversal MRI views was calculated by dividing the 

area of affected spinal cord parenchyma by the area of the whole spinal cord at the same level and 

multiplying by 100 (expressed in percentage). For simplification the degree was categorised as no 

lesion, mild (<35%), average (35-75%) and severe (75-100%) lesion (Fig. 3).  

 

Lesion degree (%) = Lesion area (mm2) / Spinal cord area (mm2) * 100 

 

Diameter of spinal cord in SCI epicenter was measured in all of the chronic SCI images 

and compared with diameter of apparently normal spinal cord diameter cranially and caudally of the 

lesion (in most cases – one vertebral body cranially and caudally) and expressed by numbers as 

normal (1-0.95), slightly (0,75-0,95), averagely (0,35-0,75) or severely (0-0,35) reduced (Ensinger 

et al., 2010). If diameter of spinal cord fell into different categories in comparison with apparently 

normal spinal cord cranially and caudally, the higher category was chosen for evaluation of results. 

Following formula was used to express the degree of spinal cord diameter reduction at SCI 

epicenter (Fig. 4): 

 

Spinal cord diameter reduction degree (n) = Diameter in SC epicenter (mm) /  

Diameter cranially (caudally) to SCI epicenter (mm) 

 

IV.3. Histopathological examination  

 

2 study patients died spontaneously at home without obvious reason and one dog had to be 

euthanised on request of the owners. These dogs underwent post-mortem histopathological 

examinations of their spinal cords in the Institute of Pathology of  the University of Veterinary 

Medicine of Hannover. Results were compared with MRI results. 

 

IV.4. Statistical analysis 

 

Data, obtained in MRI investigations, were compared to clinical data using statistical tests 

(Student's t-test, analysis of variance (ANOVA), Chi-square test, McNemar's and Fisher's Exact 

tests), when appropriate. Software used for statistical analysis was SAS® Version 9.2 (SAS Institute 
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Inc., USA) for Windows XP®. To find association between the extension of the lesions in sagittal 

views and qualitative clinical data – hyperintensity in T2WI in initial MRI, number of 

decompressive surgeries, outcome – were analysed using Student's t-test, to identify association 

between neurological grade before surgery and extension of the lesions in sagittal views ANOVA 

test was applied. To find relations between clinical data and degree of lesions observed in 

transversal MRI views and degree of reduction of spinal cord diameter, chi-square and Fischer's 

exact tests were used. On paired nominal data – positive/negative outcome and intramedullary 

lesions, restricted to the SCI epicenter/extended lesions – McNemar's test was performed.  
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V. RESULTS 

 

V.1. Signalment, history and clinical signs 

 

39 dogs fulfilled the inclusion criteria. 38 of them had IVDH and one had L3-L4 vertebral 

fracture. 31% (12/39) dogs were presented in the hospital as chronic cases. They were diagnosed 

and were treated in other veterinary facilities and were presented at the Small Animal Clinic of the 

University of Veterinary Medicine Hannover later than 48 hours after acute onset of clinical signs. 

64,10% (25/39) dogs were presented in the hospital as acute patients. 5% (2/39) of the study 

patients had subacute onset of ambulatory paraparesis (Table 1, Fig 5).  

 

 

 

25; 64,10%

12; 31%

2; 5%

Onset of clinical signs

Acute

Chronic

Subacute

 
Fig. 5. Distribution of onset of clinical signs among patients. 
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In 10 study patients information about initial neurological grade  was not available. Among 

the other dogs, 34,48% (10/29) of them were presented with grade V, 58,62% (17/29) with grade IV 

and 6,9% (2/29)with grade II (Table 2, Fig 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. Initial neurological grade distribution among patients. 
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Table 2. Signalment and clinical data.  
X n.a. – data not available.  
y Dogs with subacute onset of neurological signs. 

M – male, cM – castrated male, F – female, cF – castrated female. 

Patient 
Nr 

Age 
(years) 

Breed Sex 
Weight 

(kg) 

Neurological 
grade 

immediately 
after SCI 

Number of 
decompressive 

surgeries 

Time interval 
between SCI 

and adequate 
decompression 

(days) 

Outcome 
(positive + 

/negative -) 

1 5 Dachshund M 9,1 n.a.x 2 90 - 

2 3 Dachshund F 6,7 5 2 2 - 

3 3 Mix M 7,2 n.a. 1 1 - 

4 2 Mix M 5,8 n.a. 1 60 - 

5 6 Dachshund F 8,2 n.a. 2 1 - 

6 4 
French 
bulldog 

M 16 n.a. 2 2 - 

7 2 
French 
bulldog 

cF 12,8 n.a. 1 2 - 

8 8 Dachshund F 8,8 5 1 1 - 

9 5 Dachshund F 10,5 5 2 1 - 

10 3 Mix M 2,5 n.a. 1 1 - 

11 4 Dachshund M 3,5 n.a. 1 1 - 

12 4 Dachshund cM 5,2 4 1 200 - 

13 4 Mix cF 5,2 5 1 1 - 

14 11 Dachshund cM 7,5 4 2 2 - 

15 4 Dachshund cF 11,5 5 2 1 - 

16 5 
Jack Russel 

Terrier 
M 10,1 5 1 1 - 

17 7 Mix cM 14 4 1 1 + 

18 6 Chihuahua F 4,5 4 1 1 + 

19 7 Dachshund cM 12,2 4 1 1 + 

20 2 Shi Tzu F 5,6 5 1 1 + 

21 6 Dachshund cF 7,6 n.a. 2 1 + 

22 2 
French 
bulldog 

F 11,5 4 1 1 + 

23 9 Dachshund M 14,8 4 2 1 + 

24 5 Dachshund M 8,9 5 2 2 + 

25 6 Dachshund F 8,6 5 2 1 + 

26 5 Dachshund cF 5,8 4 1 1 + 

27 4 
Jack Russel 

Terrier 
cM 8 4 1 1 + 

28 3 
French 
bulldog 

M 13,4 4 1 1 + 

29 7 
Bolonka 

Zwetnaya 
M 8,7 4 1 1 + 

30 10 Dachshund F 6,5 4 1 1 + 

31 7 Dachshund F 10,1 2 1 -y + 

32 2 Mix cF 9,7 2 2 -y + 

33 10 Dachshund cF 8,5 n.a. 1 21 + 

34 3 mix cM 6,4 5 2 1 + 

35 5 Lhasa Apso cF 11 4 1 1 + 

36 2 
Small 

Munsterlan
der 

cM 13,5 4 1 1 + 

37 4 
Jack Russel 

Terrier 
cM 8,3 4 1 1 + 

38 6 Dachshund cM 12,7 4 2 1 + 

39 10 Mix cF 19,6 4 1 1 + 
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79,49% (31/39) of study patients were pure bred dogs and 20,51% (8/39) – mixed breed. 

Among pure bred dogs were 19 Dachshunds, 4 French bulldogs, 3 Jack Russel terriers, one Lhasa 

Apso, Bolonka Zwetna, Small Munsterlander, Shih Tzu and Chihuahua (Fig. 7). 11 patients were 

intact males, 9 castrated males, 10 intact females and 9 castrated females. Age ranged from 2 to 14 

years, mean age was 5,45 years. Body weight ranged from 2,5 to 19,6 kg, mean body weight was 

9,17 kg (Table 2). 

 

19, 48.72%

4, 10.26%

3, 7.69%

1, 2.56%

1, 2.56%

1, 2.56%

1, 2.56%
1, 2.56%

8, 20.51%

Breed distribution

Dachshund

French bulldog

Jack Russel terrier

Lhasa Apso

Chihuahua

Bolonka Zwetnaya

Shih Tzu

 

Fig. 7. Breed distribution among patients. 

 

41,03% (16/39) of the study patients had negative, 58,97% (23/39) – positive outcome. 3 

dogs, which were categorised as negative outcome patients, died earlier than 7 months after SCI. 

One of them was euthanised 3 months after SCI on request of the owner, two died because of SCI 

unrelated reasons 11 and 10 months post-SCI. (Table 2).  

Time interval between acute SCI and adequate decompression ranged from 1 to 200 days, 

with a mean value of 11,05 days. Two dogs with subacute onset of clinical signs were excluded 

from this group. 75,68% (28/37) of patients had hemilaminectomies within 24 hours after SCI 

(Group I), 13,51% (5/37) – later than 24 hours, but earlier as 48 hours (Group II) and 10,81% (4/37) 

– later than 48 hours after SCI (Group III) (Table 2, Fig. 8). 
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Fig 8. Time interval between SCI and adequate decompression 

distribution among study patients. 

 

 

V.2. MRI 

 

Imaging data immediately after (≤48 hours) SCI was available in 27 patients. 

Intramedullary hyperintensive signal in T2WI in initial MR examinations was detected in 70,37% 

(19/27) dogs. In 12 dogs information about hyperintensity in initial T2WI was not available, 

because they were presented in the hospital as chronic cases (Tables 3 and 4).   

89,74% (35/39) of study patients developed intramedullary lesions and 84,62% (33/39) – 

intramedullary cavitations (Tables 3 and 4). 

Length of intramedullary lesions was measured in sagittal planes of MR images. Maximal 

extent of intramedullary lesions and cavitations were 10.78 and 9.76, respectivelly, in comparison to 

L2 vertebral body length. Minimal extent was 0.06 for lesions and cavitations in comparison to L2 

vertebral body length. Mean values were 4.66 and 3.38, respectively.  

Intramedullary lesions and cavitations were divided into 5 categories in regard to SCI 

epicenter: 

 

• No lesion  

• Lesions, restricted to SCI epicenter (two adjacent vertebras, between which herniated 
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intervertebral disc material or the fracture site were located) 

• Lesions, extending cranially from epicenter 

• Lesions, extending caudally from epicenter 

• Lesions, extending both directions from epicenter 

 

10.26% (4/39) of dogs did not develop intramedullary lesions. 33.33% (13/39) of patients 

developed intramedullary lesions, restricted to SCI epicenter. 7.69% (3/39) of dogs had 

intramedullary lesions, located cranially,  25.64% (10/39) caudally and 23.08% (9/39) in both 

directions in regards to SCI epicenter (Table 8).  

15.38% (6/39) of our study patients did not develop intramedullary cavitations. 38.46% 

(15/39) developed them in the SCI epicenter, 2.56% (1/39) cranially, 25.64% (10/39) caudally and 

17.95% (7/39) in both directions from epicenter (Tables 3 and 4). 

Degree of intramedullary lesions was assessed in transversal MRI views. 

10,25% (4/39) of study patients did not develop intramedullary lesions. 38,46% (15/39) 

developed grade 1, 20.51% (8/39) - grade 2 and 30.77% (12/39) – grade 3 intramedullary lesions 

(Fig. 9). 

15,38% (6/39) of dogs did not develop intramedullary cavitations. 46,15% (18/39) 

developed grade 1, 28.21% (11/39) grade 2 and 10.26% (4/39) grade 3 intramedullary cavitations 

(Fig. 9).  
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Table 3. MRI findings in patients, which did not regain ambulation. 
x Patient had L3-L4 vertebral fracture.  

*n.a. – data not available 

Patient 
Nr 

Spinal cord 
injury 

location 

Hyperintensity in 
T2WI initially 

Degree of 
spinal cord 
diameter 
reduction 

Extent of 
intramedullary 

lesions (ratio with 
L2 vertebral length) 

Extent of 
intramedullary 

cavitations (ratio 
with L2 vertebral 

length) 

Degree of 
intramedullary 

lesions 

Degree of 
intramedullary 

cavitations 

Extent of 
intramedullary 

lesions (vertebral 
level) 

Extent of 
intramedullary 

cavitations 
(vertebral level) 

1 T11-T12 n.a. 1 5.04 4.6 3 1 T11-L2 T11-L2 

2 T11-T12;  
T12-T13 

yes 2 4.9 3.4 2 2 T11-L3 T11-L1 

3 T12-T13; 
T13-L1; L1-
L2; L2-L3 

n.a. 2 7.23 6.96 3 3 T11-L4 T11-L4 

4 L3-L4x n.a. 0 8.52 7.33 2 1 T10-L4 T10-L4 

5 T12-T13 n.a. 1 5.6 5.6 3 1 T11-L2 T11-L2 

6 T12-T13 n.a. 1 10.72 9.76 3 2 T11-L3, T5-T10, 
T3-T4 

T12-L2, T5-T10, 
T3-T4 

7 L2-L3 n.a. 0 7.6 6.02 3 2 T12-L4 T13-L4 

8 T11-T12 yes 1 3.31 1.39 2 2 T10-T13 T11-T12 

9 T12-T13 yes 1 4.98 3.61 1 1 T11-L2 T11-L2 

10 T13-L1; L1-
L2 

n.a. 2 4.65 3.74 3 2 T13-L3 T13-L3 

11 T13-L1 n.a. 1 10.78 8.57 3 2 T9-L4 T10-L3 

12 L2-L3 n.a. 2 2.02 1.64 1 1 L2-L3 L2-L3 

13 T13-L1 n.a. 1 8.62 4.05 3 2 T10-L4 T12-L1; L3 

14 T13-L1; 
T12-T13; 

L1-L2 

yes 2 4.92 4.38 3 3 L1-L4 L1-L4 

15 T12-T13; 
T13-L1; L1-

L2 

yes 2 5.7 3.78 3 2 T12-L3 T12-L2 

16 L2-L3 yes 2 0.53 0.37 2 1 L3 L3 
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Table 4. MRI findings in patients regaining  ambulation. 
x n.a. – data not available. 

Patient Nr Spinal cord injury 
location 

Hyperintensity 
in T2WI initially 

Degree of 
spinal 
cord 

diameter 
reduction 

Extent of 
intramedullary 
lesions (ratio 

with L2 
vertebral 
length) 

Extent of 
intramedullary 

cavitations (ratio 
with L2 vertebral 

length) 

Degree of 
intramedullary 

lesions 

Degree of 
intramedullary 

cavitations 

Extent of 
intramedullary 

lesions (vertebral 
level) 

Extent of 
intramedullary 

cavitations 
(vertebral level) 

17 T13-L1 yes 1 0.83 0.83 2 2 T13-L1 T13-L1 

18 T12-T13; T13-L1 yes 2 2.09 0.41 1 1 T12-L1 T13 

19 T13-L1 yes 1 2.08 0 1 0 T13-L1 - 

20 T12-T13; T13-L1 yes 1 3.35 0.28 1 1 T12-L1; L2 T12-L1; L2 

21 T11-T12 n.a.x 3 2.86 0.68 2 2 T9-T12 T11-T12 

22 T12-T13; T13-L1 yes 0 1.05 1.05 1 1 T13; L2 T13; L2 

23 L1-L2 yes 1 0.06 0.06 0 0 L1 L1 

24 T13-L1 no 2 3.17 2 1 1 T13-L2 L1-L2 

25 T12-T13 no 1 4.66 1.26 1 1 T11-L2 T12; L2 

26 T12-T13; L1-L2 no 0 0 0 0 0 - - 

27 T12-T13 yes 0 0.21 0.21 1 1 T12 T12 

28 L1-L2; L2-L3; T12-
T13 

yes 0 3.3 1.68 1 1 L1-L3 L1-L2 

29 T13-L1; L2-L3 no 1 0 0 0 0 - - 

30 T11-T12 no 0 0 0 0 0 - - 

31 L2-L3 no 0 0 0 0 0 - - 

32 T10-T11 yes 1 1.2 0.72 3 3 T10-T11 T10-T11 

33 T13-L1 n.a. 1 0.76 0.38 2 2 T13-L1 T13-L1 

34 L1-L2 yes 1 1.85 1.24 3 3 T13-L2 L1-L2 

35 L2-L3 no 1 1.53 0.33 1 1 L2; L3-L4 L2; L4 

36 T12-T13 no 1 2.04 0.39 1 1 T12-T13 T12 

37 L1-L2 no 1 1.66 0.25 1 1 L1-L2 L2 

38 T10-T11 yes 1 1.51 0.46 2 1 T11-T12 T11; T12 

39 T13-L1 yes 1 4 0 1 0 T13-L3 - 
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Fig 9. Distribution of degrees of intramedullary lesions and 

intramedullary cavitations in transversal MRI views. 

 

 

Reduction of spinal cord diameter was measured in all study patients. 20,51% (8/39) had 

no reduction of spinal cord diameter in MR images 3 weeks after SCI and later. 53,85% (21/39) had 

degree 1, 23,08% (9/39) – degree 2 and 2,56% (1/39) – degree 3 spinal diameter reduction (Fig 10). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Distribution of degrees of spinal cord diameter reduction. 
 

8; 20,51%

21; 53,85%

9; 23,08%

1; 2,56%

Degree of reduction of spinal cord 
diameter 

No reduction of spinal
cord diameter

Degree 1

Degree 2

Degree 3



Results            36 

V.3. Decompressive surgeries 

 

66,67% (26/39) of patients had one decompressive surgery and 33,33% (13/39) - two 

decompressive surgeries. 

 

V.4. Histopathological findings  

 

Three study patients did not survive or were euthanised and were sent to the Institute for 

Pathology for post-mortem examination. Similar findings were observed in histopathological 

examinations of all three dogs. In gross findings, meninges of the spinal cord of one dog had 

adhesions to spinal canal wall, another one had adhesions between meninges and degenerated 

intervertebral disc material, two spinal cords had hourglass appearance in or near the SCI epicenter. 

In histological examinations of all three spinal cords high grade myelomalacia, gliosis and 

cavitations were observed in grey matter and demyelination, myelin sheath dilatation, 

myelinophagia in white matter. In one dog pachymeningitis ossificans, in another one – dural 

calcification were found (Table 5). The extent, distribution and features of intramedullary lesions, 

described in histopathological reports, match the observations in MRI of the patients. 
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Patient 

Nr 
Gross findings 

Findings in white 

matter 

Findings in grey 

matter 
Other findings Phenotyping (Markers) 

7 

Adhesions 

between dura 

mater and 

degenerated 

intervertebral 

disc material in 

SCI epicenter. 

Severe loss of 

neuroparenchyma, 

especially in grey 

matter, necrosis, 

cavitations. Moderate 

multifocal extensive 

myelomalacia with 

gitter cells. Proliferation 

of connective tissues. 

 Dura matter: 

Pachymeningitis 

ossificans. 

Periaxin – positive cells in 

grey matter (myelinating 

Schwann cells). 

P75NTR – positive in grey 

matter (non-myelinating 

Schwann cells). 

11 

Hourglass 

shaped spinal 

cord at SCI 

epicenter and 

caudally. 

 

Severe diffuse 

hyperemia in 

parenchyma. Severe 

myelomalacia with loss 

of organ typical 

structures.  

Myelin sheath 

dilatation and 

small amount of 

myelinophags in 

whole area of 

white matter. 

 

Dura matter: 

calcification. 

 

Leptomeninges: 

severe diffuse 

hyperemia. 

GFAP – many positive cells 

(astrocytes). 

Vimentin – moderate amount 

of positive cells 

(mesenchymally-derived 

cells). 

P75NTR – positive cells (non-

myelinating Schwann cells). 

Periaxin – few positive cells 

(myelinating Schwann cells). 

BS-1 Lektin – positive cells 

(phagocytes-microglia, 

macrophages). 

 

16 

Hourglass 

shaped spinal 

cord at SCI 

epicenter. 

Adhesions 

between spinal 

canal and dura 

mater. 

Hyperemic 

spinal cord in 

SCI epicenter. 

Cavitation necrosis in 

grey matter. Severe 

infiltration with gitter 

cells. Profound gliosis. 

 

Severe dilated 

myelin sheats with 

axon spheroids and 

myelinophagia, 

demyelination. 

 GFAP – negative in 

cavitations. BS-1 Lectin – 

positive (gitter cells). 

P75NTR – positive cells (non-

myelinating Schwann cells). 

Periaxin – few positive cells 

(myelinating Schwann cells). 

CD3 – few positive cells (T-

cells). 

 

 

Table 5. Histopathological findings in three patients.  

 

V.5. Statistical analysis 

 

V.5.1. Extent of intramedullary lesions and cavitations 

 

We used the measurements of the last available MRI examination of each patient to 

compare it with clinical data. Extension of intramedullary lesions and intramedullary cavitations 

were compared with neurological grade immediately after SCI, number of decompressive surgeries, 

hyperintensity in T2WI in initial MRI examinations, time interval between SCI and adequate 

decompression of the spinal cord and outcome using Student’s t-test and ANOVA test. 

Dogs, that had two decompressive surgeries did not develop longer intramedullary 

lesions/cavitations (P=0.3030/P=0.2077). 
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In 27 patients MR images immediately after SCI were available. No correlation was found 

between hyperintensity in T2WI in initial MR examination and extension of intramedullary lesions 

and intramedullary cavitations 3 weeks after SCI and later (P=0.1400/P=0.1081).  

In 29 patients information about neurological grade immediately after SCI was available. 

Extent of intramedullary lesions and cavitations was associated with initial neurological status of 

study patients. Dogs presented with grade V were significantly more likely to develop longer 

intramedullary lesions in comparison with dogs, which were diagnosed with grades II and IV 

initially (P=0.0024). Dogs, presented in the hospital with neurological grade V, were significantly 

more likely to develop longer intramedullary cavitations in comparison with dogs, that were 

diagnosed with grade IV initially (P=0.0149) (Fig. 11). 

34,48% (10/29) of dogs were presented with neurological grade V and the mean length of 

intramedullary lesions/cavitations developed later in their spinal parenchyma was 4.107/2.1380. 

17/29 of patients were presented with neurological grade IV and their mean extent of 

intramedullary lesions/cavitations was 1.606/0.6876. Only two patients (6,90%) were presented 

with neurological grade II initially and in their spinal cord lesions/cavitations were detected later 

with a mean extent of 0.600/0.3600. 
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Table 7. Results of statistical analysis. 
*Intr. lesions – intramedullary lesions; 

 yIntr. cavitations – intramedullary cavitations. 

 

Clinical data 

Number of 

decompressive 

surgeries 

Hyperintensity in T2WI 

in initial MRI 

examinations 

Neurological grade 

immediately after SCI 
Outcome 

Time interval between 

SCI and adequate 

decompression 

Intr. 

Lesions* 

Intr. 

cavitationsy 
Intr. lesions 

Intr. 

cavitations 
Intr. lesions 

Intr. 

cavitations 
Intr. lesions 

Intr. 

cavitations 

Intr. 

lesions 

Intr. 

cavitations 

Extent of 

intramedullary 

lesions and 

cavitations 

P=0.3030 P=0.2077 P=0.1400 P=0.1081 

Significant 

difference 

between 

Grade V 

and grades 

II, IV, 

P=0.0024 

Significant 

difference 

between 

Grade V and 

Grades IV, 

P=0.0149 

Significant 

association 

P<0.0001 

Significant 

association 

P<0.0001 

P=0.0718 

Significant 

difference 

between 

Group I and 

Group II, 

P=0.0175 

Degree of 

intramedullary 

lesions and 

intramedullary 

cavitations 

P=0.2530 P=0.2866 

Significant 

association 

P=0.0238 

P=0.1785 P=0.0916 

Significant 

difference 

between 

neurological 

grades IV  

and V, 

P=0.0336 

Significant 

association 

P=0.0011 

Significant 

association 

P=0.0146 

P=0.7050 P=0.3335 

Reduction of 

spinal cord 

diameter 

      P=0.0850   

Location of 

intramedullary 

lesions/cavitations 

      

Significant 

association 

P=0.0071 

Significant 

association 

P=0.00047 
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Fig 11. Association between extension of intramedullary lesions and 

intramedullary cavitations and initial neurological grade. Statistically 

significant difference between grade II and grade V and between grade IV 

and grade V of intramedullary lesions (P=0.0024). Statistically significant 

difference between neurological grade groups IV and V in regard to extent 

of intramedullary cavitations (P=0.0149). 

 

 

Outcome was available in all 39 study patients. Follow up results were significantly 

associated with extension of intramedullary lesions and intramedulary cavitations (P<0.0001). 

Positive outcome was highly correlated to shorter intramedullary lesions and cavitations and vice 

versa (Fig 12). Dogs with positive outcome had mean length of intramedullary lesions and 

cavitations of 1.66 and 0.53 in comparison with L2 vertebra length, respectively. Dogs with 

negative outcome, had mean values of length of intramedullary lesions and cavitations of 5.78 and 

4.47, respectively. 
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Association of extent of intramedullary

lesions and intramedullary cavitations with

neurological outcome
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Fig. 12. Association between extent of intramedullary lesions and 

intramedullary cavitations and outcome (P<0.0001). 

 

 

Time interval between SCI and adequate decompression of spinal cord was recorded in 37 

dogs. Differences between three groups of dogs were not significant in association with length of 

intramedullary lesions (P=0.0718). On the other hand, differences between Group I 

(hemilaminectomy performed within 24 hours after SCI) and Group II (hemilaminectomy 

performed later than 24, but earlier than 48 hours after SCI) were statistically significant in 

association with extent of intramedullary cavitations (P=0.0175). Mean values of length of 

intramedullary lesions/cavitations of patients, which were categorised to Group I, were 3.017/1.686, 

Group II – 6.262/5.11 and group III – 4.085/3.113 (Fig. 13). However, the limitation of this 

evaluation were the small number of patients in groups II (5/37) and III (4/37) (Table 6). 
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Fig. 13 Association between extent of intramedullary cavitations and 

groups of time interval between SCI and decompression. Differences 

between Group I (hemilaminectomy performed within 24 hours after SCI) 

and Group II (hemilaminectomy performed later than 24, but earlier than 

48 hours after SCI) in association with extent of intramedullary cavitations 

were statistically significant (P=0.0175). 

 

 

V.5.2. Location of intramedullary lesions/cavitations 

 

We made attempt to find a correlation between location of intramedullary 

lesions/cavitations and outcome. To achieve this we used Chi-square and Fisher's exact tests for 

multivariable measurements and agreement analysis for two variable measurements. A statistically 

significant association was detected between location of intramedullary lesions/cavitations and 

outcome (P=0.0071/P=0.00047) (Table 6 and 7, Fig. 14 and 15).  
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Location of 

intramedullary 

lesions 

Positive outcome Negative outcome   

Intramedullary 

lesions 

Intramedullary 

cavitations 

Intramedullary 

lesions 

Intramedullary 

cavitations 

No lesion 4 6 0 0 

Epicenter 10 11 4 5 

Cranially 2 0 1 1 

Caudally 6 6 4 4 

Both 

directions 
1 0 8 7 

 

Table 7. Location of intramedullary lesion and intramedullary cavitations and their distribution in 

different outcome groups (P=0.0071 and P=0.00047 , respectively). 
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Fig 14. Intramedullary lesion location in spinal cords of dogs with 

different follow-up results (P=0.007). 
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Fig. 15. Intramedullary cavitation location in spinal cords of dogs 

with different follow-up results (P=0.00047). 

 

 

Two variable table (Table 8) was created to check the agreement between positive/negative 

outcome and lesions, restricted to SCI epicenter/lesions, extending beyond SCI epicenter. Positive 

outcome was negatively correlated with intramedullary lesions and intramedullary cavitations, 

extending wider than the lesion epicenter (weak negative correlation estimated for location of 

intramedullary changes and outcome, simple kappa = -0.3706, and moderate negative correlation 

estimated for intramedullary cavitation location and outcome, simple kappa = -0.4286). 

 

Location of 

intramedullary 

lesion 

Positive outcome Negative outcome   

Intramedullary 

lesions 

Intramedullary 

cavitations 

Intramedullary 

lesions 

Intramedullary 

cavitations 

No lesion and 

lesion epicenter 
14 17 4 5 

Lesions beyond 

lesion epicenter 
9 6 13 12 

 

Table 8. Association between lesion location in regard to SCI epicenter and outcome. Weak negative 

correlation estimated for location of intramedullary changes and outcome, simple kappa = -0.3706, 

and moderate negative correlation estimated for intramedullary cavitation location and outcome, 

simple kappa = -0.4286. 
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V.5.3. Degree of intramedullary lesions and intramedullary cavitations 
 

To find a correlation between clinical data and degree of intramedullary lesions and 

intramedullary cavitations, Chi-square and Fisher’s exact tests were used (Table 6).  

Degree of intramedullary lesions and intramedullary cavitations were not correlated to 

number of decompressive surgeries performed (P=0.2530/P=0.2866).  

Hyperintensity in T2W MRI immediately after SCI was correlated to degree of  

intramedullary lesions (P=0.0238). On the other hand, hyperintensity in T2WI immediately after 

SCI did not have correlation to degree of intramedullary cavitations (P=0.1785) (Fig. 16). 
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Fig. 16. Association of degree of intramedullary lesions and hyperintensity in T2WI (P=0.0238). 

 

 

Only differences between patient groups, which were presented with neurological grades 

IV and V were compared, because of insufficient numbers (n=2) of patients with neurological grade 

II. Dogs, which initially demonstrated neurological grades IV and V, were not statistically different 

in correlation to degree of intramedullary lesions found in follow up studies in their spinal cords 

(P=0.0916). However, in dogs with initial neurological grades IV and V an association with the 

degree (area) of intramedullary cavitations was seen (P=0.0336) (Fig. 17).  
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Fig. 17. Association of degree of intramedullary cavitations in transversal MRI views 

and neurological grades IV and V (P=0.0336). 

 

 

Neurological outcome was significantly associated with the degree of intramedullary 

lesions (P=0.0004127) and intramedullary cavitations (P=0.0135) Fig. Nr. 18).  

 

 
Fig. 18. Association of degree of intramedullary lesions and intramedullary cavitations 

with outcome (P=0.0004127 and P=0.0135). 
 

Information about time interval between SCI and adequate decompression was available in 

37 patients. No association was observed between the above mentioned time interval and degree of 
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intramedullary lesions/cavitations (P=0.7050/P=0.3335) (Table 6).  

 

V.5.4. Reduction of spinal cord diameter 
 

Chi-square and Fisher's exact tests were applied to evaluate association between degree of 

spinal cord diameter reduction and outcome. 

Reduction of spinal cord diameter was not related to the outcome (P=0.0850) (Table 6). 

 

              V.5.5.Lesion extent in different time intervals following SCI 

 

In figures 15 and 16 distribution of mean values of extent of intramedullary lesions and 

intramedullary cavitations of each group of time points after SCI is demonstrated in dogs with 

positive and negative outcome, respectively.  

Highest mean values of extent of intramedullary lesions and cavitations were observed  17-

20 months after SCI in dogs with negative outcome (7.685 and 6.750 for intramedullary lesions and 

cavitations, respectively) (Fig. 20). Least extensive intramedullary lesions were observed 20 months 

after SCI in dogs with positive outcome (1.2000). Least extensive intramedullary cavitations were 

observed 8 to 11 months after SCI in dogs with positive outcome (0.41) (Fig. 19). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. Length of intramedullary lesions and intramedullary cavitations at different  

time intervals after SCI in dogs with positive outcome. 
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Fig. 20. Length of intramedullary lesions and intramedullary cavitations at different time 

intervals after SCI in dogs with negative outcome. 

 

V.5.6.Lesion progression 

 

21 study patients had more than 2 MRI examinations, performed at different time points. 

In 5 dogs two, 7 dogs – three, 9 dogs – four MRI examinations were made (Table 1). In 10 study 

patients length of intramedullary lesions and intramedullary cavitations in sagittal MRI views did 

not change at different time intervals following SCI. In the other 11 patients intramedullary lesions 

and cavitations did enlarge with time.  
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VI. DISCUSSION 

 

In the current study chronic intramedullary lesions in dogs with intervertebral disc disease 

were examined. Such lesions occurred in 89,74% (35/39) of the patients and additionally 

intramedullary cavitations were detected in 84,62% (33/39) of the patients. Such high prevalence is 

astonishing, but could be explained by the fact, that most of our patients were involved in a 

treatment study designed for dogs with chronic paraplegia. MRI features of chronic intramedullary 

changes are not well described in veterinary medicine until now to the best of our knowledge. 

Penha et al. (2014) detected in their study intramedullary hyperintensities in T2W MR images in 

chronic paraplegic canine patients (Penha et al., 2014) and in one dog intramedullary cavitations 

(Penha et al., 2014). MRI features of our study patients had similar pattern as described in human. 

Human chronic intramedullary changes include spinal cord atrophy, myelomalacia and cavitations 

(Silberstein and Hennessy, 1993; Wang et al., 1996; Falcone et al., 1994; Ohshio et al., 1993). 

Chronic intramedullary fluid-filled cavitations of our study dogs display the same imaging pattern 

as syringomyelia described in dogs (Platt and Freeman, 2012). Non-cavitational intramedullary 

changes detected in our patient´s MR images resemble malacic changes as described in human 

patients (Silberstein and Hennessy, 1993; Wang et al., 1996; Falcone et al., 1994) or MRI features 

of ascending descending myelomalacia in dogs (Okada et al., 2010; Platt et al., 2006, Vandevelde et 

al., 2012; Coates, 2012). However, myelopathies after chronic spinal cord compression after 

intervertebral disc herniation detected in our patients did not progress rapidly and were found 

primarily in the grey matter of the spinal cord. In 45,45% (10/22) of our patients, which underwent 

more than one MRI examination, the intramedullary lesions did not increase with time.  

79,49% (31/39) of our study patients had reduced diameters of their spinal cords, restricted 

to SCI epicenter. In human patients spinal cord atrophy in MR images is defined as decreased 

anterioposterior diameter of the spinal cord, measuring 5-6 mm or less (Silberstein and Hennessy, 

1993; Curati et al., 1992). In dogs, the exact extent has not been clearly defined yet, most probably 

because of spinal cord diameter size variation of different dog breeds. In more than 50% of human 

patients suffering from chronic paraplegia after spinal cord trauma, spinal cord atrophy is detected 

and restricted to the injury site (Vaquero and Zurita, 2013). These chronic changes in the spinal cord 

are not necessarily associated with formation of syringomyelia, but with worse neurological 

outcome (Silberstein and Hennessy, 1993, Curati et al., 1992).  
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Histopathological examination of three of our study patients revealed, that these dogs had 

extensive intramedullary myelomalacia and cavitations, predominantly in the grey matter of their 

spinal cords. Two of the dogs also had reduced diameter of their spinal cords at the lesion epicenter 

(Table Nr. 5). In our study histopathological findings corresponded to MRI data. 

Interestingly, in immunohistochemical examination of three of our study patients Periaxin, 

expressed by proliferative, premyelinating Schwann cells and p75NTR, a receptor of non-

myelinating Schwann cells, were detected in the grey matter of the spinal cords. This feature of 

post-traumatic spinal cord changes in canine patients was not described in veterinary literature 

before. Nevertheless, Schwann cell remyelination was detected in human spinal cords following 

SCI (Norenberg et al, 2004, Bruce et al, 2000). It was noticed, that schwannosis is a common 

finding in spinal cord of human patients 4 months or later following SCI (Bruce et al., 2000). The 

exact role of these cells is still questionable (Norenberg et al., 2004, Bruce et al., 2000). 

Immunohistochemical markers detecting Schwann cell myelin were not routinely examined in dogs 

(Ryu et al., 2012; Henke et al., 2013). Moreover, Schwann cell myelin was not detected in 

histopahological study of the canine patient suffering consequences of chronic SCI (Smith and 

Jeffery, 2006). Nevertheless, according to the current study schwannosis could be a common 

finding in spinal cord of dogs as well as in humans, who suffer chronic consequences of SCI. This 

phenomenon needs further investigations and the dog could be considered as a naturally occurring 

animal model to study schwannosis. 

Spinal cord cavitations are thought to be sequelae to myelomalacia and necrosis in the spinal 

cord in both – humans and dogs (Schields et al., 2012; Vandevelde et al, 2012). Initial spinal cord 

trauma may cause bleeding, contusion or edema leading subsequently to local necrosis of the 

parenchyma. Necrotic tissue is liquefied and replaced with a cavity, filled with fluid (Shields et al., 

2012; Vandevelde et al, 2012). In human literature it is speculated, that cavities without continuous 

enlargement do not cause neurological problems, but cavities with  progression in size are 

associated with neurological deterioration (Wang et al., 1996). Several mechanisms were suggested 

to explain the expansion of the cavity, but the intramedullary pulse pressure theory is the most 

accepted one. According to this theory, increased pulse pressure in spinal cord in comparison to 

subarachnoid space leads to expansion of syringomyelia (Geitz, 2006; Shields et al., 2012). 

Histopathological differences are described regarding the surrounding tissue of the cavitation. In the 

study of Hu et al. (2012) histopathological specimens from symptomatic and asymptomatic 
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Cavalier King Charles Spaniels (CKCS) with syringomyelia were compared (Hu et al., 2012). In 

symptomatic CKCS cavitations were asymmetrical, deviated into dorsal horn and superficial 

laminae of the grey matter. Syringomyelia margins in dogs with clinical signs were well defined, 

confining of dense collagen tissue and glial scar, while asymptomatic dogs had ill defined layers 

demarcating the cavity and spongy edematous appearance (Hu et al., 2012). In humans, similar 

features were found in histopathological specimens of spinal cords with post-traumatic 

syringomyelia. Syringomyelia with tendency to grow and aggravation of neurological deficits have 

a more dense tissue with reactive gliosis. In contrast, intramedullary fluid-filled cavitations, that are 

not associated with clinical signs, mostly have thin astrogliotic walls (Norenberg et al., 2004).  

Associations between clinical data and extent of intramedullary lesions/cavitations were 

evaluated. Dogs with severe initial SCI were expected to develop more pronounced intramedullary 

lesions. Severity of initial trauma was defined by severity of clinical signs graded according to the 

score of Sharp and Wheeler (Sharp and Wheeler, 2004) at the time of presentation and extension of 

intramedullary hyperintensities in initial MR T2W images (Ito et al., 2005).  

In human medicine presence of more severe chronic spinal cord changes including 

myelomalacia, spinal cord atrophy, cystic cavities and syringomyelia is directly correlated with 

severity of initial trauma (O'Beirne et al., 1993; Silberstein and Hennesy, 1993). Risk of post-

traumatic syringomyelia (PTSM) in complete (absent sensory or motor function) initial SCI is 

higher than with milder neurological presentation (Vannemreddy et al., 2002; Krammer et al., 1997; 

Edgar et al., 1994; Schurch et al., 1996). Other authors could not confirm this correlation (Ko et al., 

2012; Backe et al., 1991). However, in these studies the extent of the lesions was not considered. 

Small fluid-filled cavitations are thought to be associated with milder neurological signs or are even 

asymptomatic, in comparison with lesions, extending more than two adjacent vertebral bodies 

(Wang et al., 1996; Barnett et al., 1976). 

In the current study dogs presented in the hospital with grade V neurological status were 

more likely to develop longer intramedullary myelopathies and cavitations than dogs presented with 

grade IV. Additionally, the area of intramedullary cavitations evaluated in transversal MRI views 

was significantly higher in patients with neurological grade V in comparison to patients presented 

with neurological grade IV. This supports our theory, that more severe initial spinal cord trauma  

leads to intramedullary changes with larger extension and subsequent cavitations.  

Intramedullary hyperintensity in initial MR T2W images post traumatically are thought to be 
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associated with spinal cord edema, contusion, inflammation, myelomalacia, necrosis in the spinal 

cord in human and canine patients (Silberstein and Hennessy, 1993; Coates, 2012). In human 

medicine initial intramedullary changes after SCI are associated with subsequent chronic 

intramedullary changes (Silberstein and Hennessy, 1993; Shimada and Tokioka, 1999). Initial MRI 

is used to predict prognosis in paraplegic dogs. When the hyperintense area in T2WI is equal or 

exceeds L2 vertebral body length in preoperative sagittal MRIs of spinal cord, dogs have poorer 

prognosis for functional recovery (Coates, 2012; De Risio et al., 2009). Similar prognostic value of 

MRI was described in human patients after spinal cord trauma (Mohanty et al., 2013, Miyanji et al., 

2007; Shimada and Tokioka, 1999). All dogs in the current study with hyperintensities in initial 

MRIs (n=18) developed intramedullary lesions in follow up examinations, 16 of them developed 

intramedullary cavitations. On the other hand, from 8 dogs without hyperintense signals in initial 

T2W MR images, 4 developed intramedullary lesions, the other 4 dogs did not. Similar findings are 

observed in human clinical studies (Silberstein and Hennessy, 1993). Albeit the association between 

length of intramedullary lesions/cavitations in sagittal MR images and preoperative hyperintensity 

in T2WI was not significant, a significant association occurred between area of chronic 

intramedullary myelopathies and hyperintensities in the initial T2WI in transversal views. Ensinger 

et al. (2010) also did not find a statistically significant correlation between clinical severity of initial 

trauma and presence of hyperintensity in T2WI (Ensinger et al., 2010). 

More extensive intramedullary myelopathies and cavitations were expectd to be associated 

with negative outcome of the patients. It is known in veterinary medicine, that extensive 

syringomyelia causes neurological deterioration in dogs (Hu et al., 2012; Lorenz et al, 2011; Plessas 

et al, 2012). Studies in human medicine showed, that spinal cord cavititations/syringomyelia are 

more likely to be detected in patients with more severe clinical signs in follow up examinations 

(Silberstein and Hennessy, 1993; Wang et al., 1996). More extensive post-traumatic 

cavitations/syringomyelia were detected in patients with deterioration of neurological signs (Barnett 

et al., 1973, Wang et al., 1996). In the current study, describing a useful animal model, these data 

could be confirmed and extensive intramedullary lesions/cavitations were strongly associated with 

neurological outcome. Study patients with negative outcome developed larger intramedullary 

myelopathies/cavitations than dogs with positive outcome. The limitation of the current study could 

be the fact, that outcome was considered to be positive, when dogs regained ambulation. The 

rehabilitation time and the degree of paraparesis or ataxia were not considered. The current study is 
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not in line with Forterre et al. (2010) findings. The authors suggested that dogs with positive 

neurological outcome after SCI do not develop intramedullary lesions (Forterre et al., 2010). 

A significant association was found between location of intramedullary 

myelopathies/cavitations and neurological outcome of the patients. Lesions, restricted to SCI 

epicenter were associated with positive outcome. This is in agreement with Wang et al. (1996) and 

Barnett et al. (1976) observations (Wang et al., 1996; Barnett et al., 1976). 

Chronic compression of the spinal cord after SCI were expected to exaggerate the initial 

damage and lead to more pronounced chronic intramedullary lesions, associated with bad 

prognosis. In human medicine studies chronic compressions of the spinal cord cause flattening of 

the cord and formation of intramedullary myelopathies, which may lead to development of 

intramedullary cavitations (Fischbein et al., 1999; Naderi et al., 2000). Pathophysiological 

mechanisms of formation of myelopathies in these cases involves stenosis of the spinal canal and 

repetitive injury to the spinal cord leading to ischemia, demyelination, necrosis and apoptosis of 

spinal cord parenchyma (Baptiste and Fehlings, 2006). Similar changes are observed in chronically 

compressed spinal cords of dogs after acute IVDH (Griffiths, 1972; Smith and Jeffery, 2006; 

Vandevelde et al, 2012). It is known in veterinary medicine, that timing of decompressive surgery is 

important for good prognosis, especially in cases of paraplegia without deep pain perception 

(Coates, 2013). Hemilaminectomy performed later than 48 hours after severe spinal cord trauma is 

associated with poor prognosis (Coates, 2013). Our results showed, that dogs with 

hemilaminectomy within 24 hours after SCI were more likely to develop none or shorter 

intramedullary cavitations than dogs with decompressive surgery later than 24 hours after onset of 

paraplegia, but earlier than 48 hours. This could be explained, that longer lasting compression 

produces longer lasting ischemia to the spinal cord increasing continuously the damage. However, 

there was no significant difference between dogs presented later than 48 hours (21-200 days) after 

SCI and the other groups. This can be explained by the limited number of cases, since only 4 

patients received decompression later than 48 hours. 

We expected that dogs with reduced spinal cord diameter following SCI would have worse 

neurological outcome, as a reduction of spinal cord diameter could represent consequences of 

severe initial SCI. Nevertheless, we could not find a significant association between the degree of 

reduced diameter of spinal cord and outcome of our patients. A small amount of white matter in the 

subpial region of the spinal cord may be enough to preserve motor function (Levine et al., 2010).  
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The influence of spinal cord manipulation and spinal canal stenosis on development of 

different intramedullary changes is still in debate in human medicine (Wang et al., 1996; Ko et al., 

2012, Vannemreddy et al., 2002). It is strongly believed that scar formation in dura mater and 

subarachnoid space may be the key mechanism to formation of PTSM (Perrouin-Verbe et al., 1998; 

Williams, 1992; Shields et al., 2012; Cho et al., 1994). Therefore we made the attempt to find an 

association between the number of surgical decompressions of the spinal cords and extent of 

intramedullary lesions. Higher number of manipulations on the spinal cord might predispose 

adhesion formation between spinal cord and arachnoid layer leading to formation of more extended 

intramedullary lesions. However, such association could not be detected and full decompression of 

the spinal cord might be therefore of greater significance than avoiding surgical manipulations.

 

In conclusion, we found, that: 

• Severe initial trauma is likely to induce intramedullary lesions/cavitations 

• Intramedullary lesions/cavitations are more extensive in patients with negative outcome 

• Early surgical decompression (≤24 hours) is associated with less pronounced intramedullary 

cavitations 

• Number of decompressive surgeries was not associated with extended intramedullary lesions 

  

The current study has a high clinical relevance. Patients with signs of severe SCI should be 

sent as soon as possible to decompressive surgery and postsurgically monitored closely by means of 

advanced diagnostic imaging. If chronic extensive intramedullary lesions are observed, adequate 

prognosis can be formulated. In case of formation of extensive intramedullary cavitations, surgical 

management of the cavitations should be considered (myelotomy). Surgical management of PTSM 

has been proved to be beneficial (Hayashi et al., 2013; Wiart et al., 1995). 
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VII. SUMMARY  

 

N. Alisauskaite. Chronic intramedullary lesions following spinal cord injury in dogs.  

 

   Introduction. Post-traumatic intramedullary myelopathies and subsequent cavitations are well 

described lesions following spinal cord injury (SCI) in humans and were detected in 

histopathological studies in dogs. In humans intramedullary myelopathies/cavitations are associated 

with deterioration of clinical signs, have progressive pattern and the incidence is reported to reach 

up to 80/51% among spinal cord injury patients. Canine intervertebral disc extrusions share 

similarities with SC injuries in humans.  

   Aim of the study. To identify new treatment options for chronic paraplegic dogs, the purpose of the 

current study was to retrospectively evaluate magnetic resonance imaging (MRI) features of chronic 

intramedullary myelopathies/cavitations in the canine patient. MRI findings were expected to be 

correlated with the time interval between injury and imaging and with clinical data.  

  Materials and Methods. Thirty-nine dogs with T3-L3 spinal cord lesions and one or more 3Tesla 

MRI investigations not less than three weeks after SCI were included. Extent of intramedullary 

myelopathies and cavitations were evaluated in sagittal and transversal MRI planes (T1, T2 and 

FLAIR). 

   Results. 89,74% (35/39) of study patients developed intramedullary lesions and 84,62% (33/39) – 

intramedullary cavitations. Length and degree of intramedullary lesions and cavitations were 

significantly associated with neurological outcome of the patients and severity of neurological 

deficits. Patients with negative outcome and paraplegia without deep pain perception at presentation 

were more likely to develop intramedullary lesions and cavitations in their spinal cords than dogs 

regaining ambulation after one decompressive surgery. Lesions, restricted to SCI epicenter, were 

significantly associated with positive outcome of the patients. Extent of intramedullary 

myelopathies and cavitations showed tendency to increase with time only in some patients. 

   Conclusions. The present study might contribute to explain the pathophysiology of intramedullary 

spinal cord lesion formation after SCI, help formulating the prognosis and stimulate the discussion 

about new treatment options. 
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VIII. ZUSAMMENFASSUNG 

 

N. Alisauskaite. Chronische intramedulläre Läsionen nach Rückenmarksverletzung bei 

Hunden. 

 

   Einführung. Posttraumatische Myelopathien und Kavitationen in Folge von 

Rückenmarksverletzungen (RMV) sind beim Menschen beschrieben und wurden in 

histopathologischen Untersuchungen auch bei Hunden erkannt. Bei Menschen werden 

Myelopathien/Kavitationen mit klinischen Anzeichen einer Verschlechterung assoziiert und haben 

einen progressiven Verlauf. Die Inzidenz dieser Rückenmarkserkrankung beträgt bei Patienten mit 

Rückenmarkstrauma bis zu 80/51%. Bandscheibenextrusionen beim Hund sind aufgrund 

vielfältiger Ähnlichkeiten in Klinik, Bildgebung und Pathologie ein anerkanntes Tiermodell für 

Rückenmarksverletzungen beim Menschen. 

   Ziel der Studie. Um neue Behandlungsmöglichkeiten für chronisch querschnittsgelähmte Hunde 

zu identifizieren, war das Ziel der vorliegenden Studie eine retrospektive Auswertung von Magnet-

Resonanz-Tomographie (MRT) Bildern von chronischen Myelopathien/Kavitationen bei dieser 

Spezies. MRT-Befunde wurden mit dem Zeitintervall zwischen der Verletzung des Rückenmarks 

und dem Zeitpunkt der Bildgebung, sowie mit klinischen Daten korreliert. 

  Material und Methoden. Neununddreißig Hunde mit traumatischen Läsionen des Rückenmarks im 

Bereich T3-L3 und einer oder mehrerer 3Tesla MRT-Untersuchungen, die drei Wochen oder später 

nach der RMV durchgeführt wurden, wurden in die Studie eingeschlossen. Das Ausmaß der 

Myelopathie und Kavitationen in MRT Schnittbildern (T1, T2 und FLAIR) wurde in sagittaler und 

transversaler Ebene ausgewertet. Entsprechende statistische Berechnungen sollten Korrelationen 

zwischen Bildgebung und klinischen Befunden ergeben.  

   Ergebnisse. 89,74% (35/39) der Studienpatienten entwickelten intramedulläre Läsionen und 

84,62% (33/39) Kavitationen. Länge und Grad der intramedullären Läsionen und Kavitationen 

hatten eine deutliche Assoziation mit dem Therapieerfolg und der Schwere der neurologischen 

Ausfälle. Patienten mit negativem Ergebnis und Querschnittslähmung ohne 

Tiefenschmerzempfindung bei der Erstvorstellung in der Klinik entwickelten ausgeprägtere 

intramedulläre Läsionen und Kavitationen im Bereich des Rückenmarks  im Vergleich zu Hunden, 

die eine Gehfähigkeit nach einer dekompressiven Chirurgie wiedererlangten. Läsionen, die nur im 

Epizentrum der RMV auftraten,  waren signifikant mit einem positiven Therapieerfolg der Patienten 
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korreliert. Eine Tendenz zu vermehrter Ausdehnung mit der Zeit zeigten Myelopathien und 

Kavitationen nur bei einigen Patienten. 

   Schlussfolgerungen. Die vorliegende Studie könnte dazu beitragen, die Pathophysiologie der 

Formation von intramedullären Läsionen nach RMV zu erklären, eine Prognose besser zu 

formulieren und die Diskussion über neue Behandlungsmöglichkeiten chronischer 

Rückenmarksverletzungen anzuregen. 
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X. APPENDIX 

 

 

 

ABBREVIATIONS 

 

 

SCI - spinal cord injury 

CSF - cerebrospinal fluid 

T1WI - T1 weighted magnetic resonance images 

T2WI - T2 weighted magnetic resonance images 

FLAIR - Fluid attenuated inversion recovery 

IVDH - intervertebral disc herniation 

CNS - central nervous system 

PTSM - Post-traumatic syringomyelia 

L2 vertebra - second lumbar vertebra 

CKCS - Cavalier King Charles Spaniels 

mm - milimeter 

n - number 

RMV - Rückenmarksverletzung 
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Table 1. Clinical Data. 

Number

Age 

(years) 

Breed Gender

Weight 

(kg)

Neurological grade before

decompressive surgery

Time interval between

SCI and decompression

(days)

SCI location in sagittal MRI

views (vertebral body

level)

MRI timepoint in

relation to

decompression

MRI timepoint in

relation to SCI

Histopathological 

examination

290702 5 Wire haired dachshund M 9.1 n.a. 90 T11-T12 0; 1; 3; 4 3; 3; 4; 5  - 

303501 3 Dachshund F 6.7 5 2 T11-T12;  T12-T13 0; 1; 2; 3; 4 same  - 

302673 3 Mix M 7.2 n.a. 1 T12-T13; T13-L1; L1-L2; L2-L3 5; 6; 6; 7 same  - 

288349 2 Mix M 5.8 5 60 L3-L4 0; 2; 4; 5 3; 3; 4; 5  - 

286437 6 Wire haired dachshund F 8.2 n.a. 1 T12-T13 4; 4; 5; 6 same  -

293629 4 French bulldog M 16 n.a. 2 T12-T13 6; 6; 7; 8 same  -

295863 2 French bulldog cF 12.8 n.a. 2 L2-L3 5; 5 same  +

295777 7 Mix cM 14 4 1 T13-L1 0; 3 same  -

296933 8 Wire haired dachshund F 8.8 5 1 T11-T12 0; 1; 2; 3; 4 same  -

293592 6 Chihuahua F 4.5 4 1 T12-T13; T13-L1 0; 2; 3; 5 same  -

294431 7 Short haired dachshund cM 12.2 4 1 T13-L1 0; 1; 3; 4 same  -

297481 5 Wire haired dachshund F 10.5 5 1 T12-T13 0; 1; 2; 3; 4 same  -

299814 2 Shi Tzu F 5.6 5 1 T12-T13; T13-L1 0; 3 same  -

299806 6 Dachshund cF 7.6 n.a. 1 T11-T12 0; 3 2; 4  -

300643 2 French bulldog F 11.5 4 1 T12-T13; T13-L1 0; 1; 3 same  -

300613 9 Dachshund M 14.8 4 1 L1-L2 0; 1; 3 same  -

298390 3 Mix M 2.5 n.a. 1 T13-L1; L1-L2 6; 6; 7; 8 6; 6; 7; 8  -

301041 4 Long haired dachshund M 3.5 n.a. 1 T13-L1 3; 4; 5; 6 3; 4; 5; 6  +

301240 4 Dachshund cM 5.2 4 200 L2-L3 0; 2; 3; 4 4; 5; 6; 7  -

301900 4 Mix cF 5.2 5 1 T13-L1 2; 3; 3; 5 2; 3; 3; 5  -

301404 5 Dachshund M 8.9 5  1-2 T13-L1 0; 1; 2; 3 same  -

38125 11 Wire haired dachshund cM 7.5 4 2 T13-L1; T12-T13; L1-L2 0; 1; 2; 3; 4 same  -

302310 6 Dachshund F 8.6 5 1 T12-T13 0; 1; 3 same  -

297517 5 Wire haired miniature dachshundcF 5.8 4 1 T12-T13; L1-L2 0; 3 same  -

298282 4 Jack Russel terrier cM 8 4 1 T12-T13 0; 3 same  -

298345 3 French bulldog M 13.4 4 1 L1-L2; L2-L3; T12-T13 0 ; 2; 3; 4 same  -

278909 7 Bolonka zwetna M 8.7 4 1 T13-L1; L2-L3 0; 3 same  -

68725 10 Long haired dachshund F 6.5 4 1 T11-T12 0; 9 same  -

154052 7 Wire haired dachshund F 10.1 2  - L2-L3 0; 9 same  -

155645 2 Mix cF 9.7 2  - T10-T11 0; 1; 9 same  -

303297 10 Wire haired dachshund cF 8.5 n.a. 21 T13-L1 0; 3 2; 3  -

304147 4 Wire haired dachshund cF 11.5 5 1 T12-T13; T13-L1; L1-L2 0; 1; 2; 3; 4 same  -

304662 10 Mix cF 19.6 4 1 T13-L1 0; 3 same  -

304000 6 Short haired dachshund cM 12.7 4 1 T10-T11 0; 3 same  -

303802 4 Jack Russel terrier cM 8.3 4 1 L1-L2 0; 3 same  -

301492 2 Small Munsterlander cM 13.5 4 1 T12-T13 0; 3 same  -

306355 5 Lhasa Apso cF 11 4 1 L2-L3 0; 3 same  -

301138 3 Mix cM 6.4 5 1 L1-L2 0; 3 same  -

307807 5 Jack Russel terrier M 10.1 5 1 L2-L3 0; 2; 3 same  +  

Breed: Mix – mixed breed 
Gender: M – male, F – female, cM – castrated male, cF – castrated female 
Neurological grade before decompressive surgery - neurological grade after SCI initially, before decompressive surgery (according to Sharp and Wheeler, 2005) 

MRI timepoint in relation to decompressive surgery - MRI timepoint: 0=before decompressive surgery; 1=1-3 weeks; 2=3 weeks-2 months; 3=2-5 months, 4=5-8 months, 5=8-11 months, 6=11-14 months, 7=14-17 months; 

8=17-20; 9=>20 months following full decompression 
MRI timepoint in relation to SCI - MRI timepoint: 0=1-3 days following SCI; 1=1-3 weeks; 2=3 weeks-2 months; 3=2-5 months, 4=5-8 months, 5=8-11 months, 6=11-14 months, 7=14-17 months; 8=17-20; 9=>20 months 

following SCI 

Histopathological examination: + = yes, - = no 
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Table 2. Association between clinical and MRI data.  

Number Onset

Neurological 

grade 

following SCI

Number of 

decompressive 

surgeries

Outcome

Time interval 

between SCI 

and 

decompression 

(days)

Hyperintensive 

signal in initial 

T2W MRI

Spinal 

cord 

diameter 

reduction

Length of 

intramedullary 

lesion

Length of 

intramedullary 

cavitation

Degree of 

intramedullary 

lesion

Degree of 

intramedullary 

cavitation

Direction of 

intramedullary 

lesion

Direction of 

intramedullary 

cavitation

SCI location in regard to 

vertebral level

Intramedullary lesion 

location in regard to 

vertebral level

Intramedullary 

cavitation location in 

regard to vertebral 

level

290702 0 n.a. 2 0 90 2 1 5.04 4.6 3 1  caudal  caudal T11-T12 T11-L2 T11-L2

303501 1 5 2 0 2 1 2 4.9 3.4 2 2  caudal  caudal T11-T12;  T12-T13 T11-L3 T11-L1

302673 0 n.a. 1 0 1 2 2 7.23 6.96 3 3  both direct  both direct T12-T13; T13-L1; L1-L2; L2-L3 T11-L4 T11-L4

288349 0 n.a. 1 0 60 2 0 8.52 7.33 2 1  cranial  cranial L3-L4 T10-L4 T10-L4

286437 0 n.a. 1 0 1 2 1 5.6 5.6 3 1  both direct  both direct T12-T13 T11-L2 T11-L2

293629 0 n.a. 2 0 2 2 1 10.72 9.76 3 2  both direct  both direct T12-T13 T11-L3, T5-T10, T3-T4 T12-L2, T5-T10, T3-T4

295863 0 n.a. 1 0 2 2 0 7.6 6.02 3 2  both direct  both direct L2-L3 T12-L4 T13-L4

296933 1 5 1 0 1 1 1 3.31 1.39 2 2  both direct  = T11-T12 T10-T13 T11-T12

297481 1 5 2 0 1 1 1 4.98 3.61 1 1  both direct  both direct T12-T13 T11-L2 T11-L2

298390 0 n.a. 1 0 1 2 2 4.65 3.74 3 2 caudal caudal T13-L1; L1-L2 T13-L3 T13-L3

301041 0 n.a. 1 0 1 2 1 10.78 8.57 3 2  both direct  both direct T13-L1 T9-L4 T10-L3

301240 0 4 1 0 200 2 2 2.02 1.64 1 1  =  = L2-L3 L2-L3 L2-L3

301900 0 5 1 0 1 2 1 8.62 4.05 3 2  both direct  both direct T13-L1 T10-L4 T12-L1; L3

38125 1 4 2 0 2 1 2 4.92 4.38 3 3  caudal  caudal T13-L1; T12-T13; L1-L2 L1-L4 L1-L4

304147 1 5 2 0 1 1 2 5.7 3.78 3 2  =  = T12-T13; T13-L1; L1-L2 T12-L3 T12-L2 

307807 1 5 1 0 1 1 2 0.53 0.37 2 1  =  = L2-L3 L3 L3

295777 1 n.a. 1 1 1 1 1 0.83 0.83 2 2  =  = T13-L1 T13-L1 T13-L1 

293592 1 4 1 1 1 1 2 2.09 0.41 1 1  =  = T12-T13; T13-L1 T12-L1 T13

294431 1 4 1 1 1 1 1 2.08 0 1 0  = T13-L1 T13-L1

299814 1 5 1 1 1 1 1 3.35 0.28 1 1  caudal  caudal T12-T13; T13-L1 T12-L1; L2 T12-L1; L2

299806 0 n.a. 2 1 1 2 3 2.86 0.68 2 2 cranial  = T11-T12 T9-T12 T11-T12 

300643 1 4 1 1 1 1 0 1.05 1.05 1 1  caudal  caudal T12-T13; T13-L1 T13; L2 T13; L2

300613 1 4 2 1 1 1 1 0.06 0.06 1 1  =  = L1-L2 L1 L1 

301404 1 5 2 1 2 0 2 3.17 2 1 1  caudal  caudal T13-L1 T13-L2 L1-L2

302310 1 5 2 1 1 0 1 4.66 1.26 1 1  both direct  caudal T12-T13 T11-L2 T12; L2

297517 1 4 1 1 1 0 0 0 0 0 0 T12-T13; L1-L2

298282 1 4 1 1 1 1 0 0.21 0.21 1 1  =  = T12-T13 T12 T12

298345 1 4 1 1 1 1 0 3.3 1.68 1 1  =  = L1-L2; L2-L3; T12-T13 L1-L3 L1-L2

278909 1 4 1 1 1 0 1 0 0 0 0 T13-L1; L2-L3

68725 1 4 1 1 1 0 0 0 0 0 0 T11-T12

154052 2 2 1 1  - 0 0 0 0 0 0 L2-L3

155645 2 2 2 1  - 1 1 1.2 0.72 3 3  =  = T10-T11 T10-T11 T10-T11

303297 0 n.a. 1 1 21 2 1 0.76 0.38 2 2  =  = T13-L1 T13-L1 T13-L1 

301138 1 5 2 1 1 1 1 1.85 1.24 3 3 cranial  = L1-L2 T13-L2 L1-L2 

306355 1 4 1 1 1 0 1 1.53 0.33 1 1 caudal caudal L2-L3 L2; L3-L4 L2; L4

301492 1 4 1 1 1 0 1 2.04 0.39 1 1  =  = T12-T13 T12-T13 T12

303802 1 4 1 1 1 0 1 1.66 0.25 1 1  =  = L1-L2 L1-L2 L2

304000 1 4 2 1 1 1 1 1.51 0.46 2 1  caudal  caudal T10-T11 T11-T12 T11; T12

304662 1 4 1 1 1 1 1 4 0 1 0  caudal T13-L1 T13-L3  
 
Onset – onset of neurological signs: 0=chronic, 1=acute, 2=ambulatory at presentation 
Neurological grade following SCI – neurological grade immediately after SCI (Sharp and Wheeler, 2005), n.a. – data not available 

Outcome – neurological outcome: 0=negative outcome, 1=positive outcome 

Hyperintensive signal in initial T2W MRI– hyperintensity in initial T2W MRI: 0=absent; 1=present, 2=not available 
Spinal cord diameter reduction: 0=normal diameter; mildly reduced 1=0,75-0,95; averagely reduced, 2=0,35-0,75; severely reduced 3=0-0,35 

Length of intramedullary lesion: measured in sagittal MRI views (ratio to L2 vertebral body length) 

Length of intramedullary cavitation: measured in sagittal MRI views (ratio to L2 vertebral body length) 
Degree of intramedullary lesion: 0= no lesion; mildly affected 1= 1-35%; averagely affected 2=35-75%; severely affected 3=75-100% spinal cord 

Degree of intramedullary cavitation: 0= no lesion; mildly affected 1= 1-35%; averagely affected 2=35-75%; severely affected 3=75-100% spinal cord  

Direction intramedullary lesion: intramedullary lesion extension direction: = - restricted to lesion epicenter 
Direction of intramedullary cavitation - intramedullary cavitation extension direction: = - restricted to lesion epicenter
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Table 3. MRI data. 

 

Number

Acute 

cases

Decompressive surgery 

at local veterinarian

MRI 

timepoint

Location of chronic 

intramedullary 

lesion

Length of 

intramedullary lesion

Degree of spinal 

cord diameter 

reduction

Degree of 

spinal cord 

lesion

T1 FLAIR 

Fluid-

filled 

cavities 

Length of 

intramedullary 

cavitation

Cavitation 

degree

Hyperintensity in T2W MR 

images before decompressive 

surgery

290702  -  - 3 T11-L2 5.04  +  + 4.6 1 n.a.

3 T11-L2 5.04 1 3  + 4.6 1

4 T11-L2 5.04 1 3  +  + 4.6 1

5 T11-L2 5.04 1 3  +  +  + 4.6 1

303501  +  - 0  -  +

1 2  -

2 T11-T12 1.41 2 1  +  +  + 1 1

3 T11-L1 3.51 2 2  +  +  + 2.79 2

4 T11-L3 4.9 2 2  +  +  + 3.4 2

302673  -  + 5 T11-L4 7.23 1 3  +  +  + 6.96 1 n.a.

6 T11-L4 7.23 1 3  +  +  + 6.96 1

6 T11-L4 7.23 2 3  +  +  + 6.96 3

7 T11-L4 7.23 2 3  +  +  + 6.96 3

288349  -  - 3 T10-L2 6.61  + 4.68 1 n.a.

3 T10-L2, L3-L4 6.98 0 2  + 6.98 1

4 T10-L4 8.52 0 2  + 7.33 1

5 T10-L4 8.52 0 2  +  + 7.33 1

286437  -  + 4 T11-L2 5.6 1 3  +  + 5.6 1 n.a.

4 T11-L2 5.6 1 3  + 5.6 1

5 T11-L2 5.6 1 3  +  + 5.6 1

6 T11-L2 5.6 1 3  +  +  + 5.6 1

293629  -  + 6 T12-L3, T5-T8, T3-T4 8.61 1 3  + 7.22 2 n.a.

6 T11-L3, T5-T10, T3-T4 10.72 1 3  + 9.76 2

7 T11-L3, T5-T10, T3-T4 10.72 1 3  +  + 9.76 2

8 T11-L3, T5-T10, T3-T4 10.72 1 3  +  +  + 9.76 2

295863  -  + 5 T12-L4 7.6 0 3  +  + 6.02 2 n.a.

5 T12-L4 7.6 0 3  + 6.02 2

295777  + 0   +

3 T13-L1 0.83 1 2  +  +  + 0.83 2

296933  + 0  +

1 1  

2 T11-T12 1.69 1 1  - 

3 T10-T13 3.31 1 2  +  +  + 1.39 2

4 T10-T13 3.31 1 2  +  +  + 1.39 2

293592  + 0  +

2 T13-L1 0.59 1 1  +  + 0.19 1

3 T12-L1 2.09 2 1  +  + 0.19 1

5 T12-L1 2.09 2 1  +  +  + 0.41 1

294431  + 0  +

1 1 1  -

3 T13-L1 1.89 1 1  +   -

4 T13-L1 2.08 1 1  +  +  -

297481  + 0  +

1 1  

2 T11-L2 4.98 1 1  +  + 1.15 1

3 T11-L2 4.98 1 1  +  +  + 3.61 1

4 T11-L2 4.98 1 1  +  + 3.61 1

299814  + 0  +

3 T12-L1; L2 3.35 0 1  +  +  + 0.28 1

299806  -  + 2  - n.a.

4 T9-T12 2.86 2 2  +  +  + 0.68 2

300643  + 0  +  +

1 0

3 T13; L2 1.05 0 1  +  +  + 1.05 1

300613  + 0  +  +

1 2

3 L1 0.06 1 1  +  +  + 0.06 1

298390  -  + 6 T13-L3 3.7 2 3  +  + 3.21 2 n.a.

6 T12-L3 4.65 2 3  +  +  + 3.74 2

7 T12-L3 4.65 2 3  + 3.74 2

8 T12-L3 4.65 2 3  +  +  + 3.74 2

301041  -  + 3 T9-L4 10.78 0 3  +  + 8.57 2 n.a.

4 T9-L4 10.78 0 3  +  +  + 8.57 2

5 T9-L4 10.78 1 3  +  +  + 8.57 2

6 T9-L4 10.78 1 3  + 8.57 2

301240  -  - 4 L2 0.87 1  +  +  + 0.47 1 n.a.

5 L2-L3 2.02 2 1  +  + 1.64 1

6 L2-L3 2.02 2 1  +  +  + 1.64 1

7 L2-L3 2.02 2 1  +  +  + 1.64

301900  -  + 2 T10-L4 8.62 1 3  +  +  + 4.05 2 n.a.

3 T10-L4 8.62 1 3  +  +  + 4.05 2

3 T10-L4 8.62 1 3  +  +  + 4.05 2

5 T10-L4 8.62 1 3  +  +  + 4.05 2

301404  +  0  +  -  -

1 L1-L2 1.88 2 1  + 1.42 1

2 L1-L2 2.16 2 1  +  +  + 1.8 1

3 T13-L2 3.17 2 1  +  +  + 2 1

38125  + 0  +  +

1 2  +

2 L1-L4 4.92 2 3  +  +  + 4.38 3

3 L1-L4 4.92 2 3  +  +  + 4.38 3

4 L1-L4 4.92 2 3  +  +  + 4.38 3

302310  + 0   -

1 1  

3 T11-L2 4.66 1 1  +  + 1.26 1

297517  + 0  -

3 0  +  -

298282  + 0  +

3 T12 0.21 0 1  +  + 0.21 1

298345  + 0  +
2 L1-L2 1.63 0 1  +  +  + 0.73 1  
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Continued Table 3. MRI Data. 

 

Number

Acute 

cases

Decompressive surgery at 

local veterinarian

MRI timepoint

Location of chronic 

intramedullary lesion

Length of intramedullary 

lesion

Degree of spinal 

cord diameter 

reduction

Degree of 

spinal cord 

lesion

T1 FLAIR 

Fluid-

filled 

cavities 

Length of intramedullary 

cavitation

Cavitation 

degree

Hyperintensity in T2W MR 

images before decompressive 

surgery

278909  + 0   -

3 1  +  -

68725  + 0  -

9 0  -

154052  + 0  -

9 0  -

155645  + 0  +

1 1

9 T10-T11 1.2 1 3  + 0.72 3

303297  -  - 2 T13-L1 0.99 1  +  +  - n.a.

3 T13-L1 0.76 1 2  +  +  + 0.38 2

304147  + 0  +  +

1 1

2 T12-L3 5.7 2 3  +  +  + 3.78 2

3 T12-L3 5.7 2 3  +  +  + 3.78 2

4 T12-L3 5.7 2 3  + 3.78 2

304662  + 0  +

3 T13-L3 4 1 1  +  -

304000  + 0  +

3 T11-T12 1.51 1 2  +  +  + 0,46 1

303802  + 0  -

3 L1-L2 1.66 1 1  +  +  + 0.25 1

301492  + 0  -

3 T12-T13 2.04 1 1  +  +  + 0.39 1

306355  + 0  -

3 L2; L3-L4 1,53 1 1  +  +  + 0.33 1

301138  + 0  +

3 T13-L2 1.85 1 3  +  +  + 1.24 3

307807  + 0  +

2 L3 0.53 2 2  +  +  + 0.37 1

3 L3 0.53 2 2  +  +  + 0.37 1  

Acute cases – patients, which came to the hospital as acute ones: + = yes, - = no 
Decompressive surgery at local veterinarian – decompressive surgery, performed by local veterinarian: + = yes, - = no 

MRI timepoint – MRI examination time, following SCI: 0=before decompressive surgery; 1=1-3 weeks following SCI; 2=3 weeks-2 months; 3=2-5 

months, 4=5-8 months, 5=8-11 months, 6=11-14 months, 7=14-17 months; 8=17-20; 9=>20 months following SCI 
Location of chronic intramedullary lesion – location of chronic intramedullary lesion in the spinal cord in sagittal MRI views in regard to vertebral 

level 

Length of intramedullary lesion – intramedullary lesion extension in sagittal MRI views (ratio to L2 vertebral body lenght) 
Degree of spinal cord diameter reduction – degree of spinal cord diameter reduction (in comparison to apparently normal spinal cord diameter): 

0=normal; slightly reduced 1=0,75-0,95; averagely reduced 2=0,35-0,75; severely reduced 3=0-0,35 

Degree of spinal cord lesion – degree of spinal cord lesion in transverse MRI views: 0= no lesion; 1= 1-35%; 2=35-75%; 3=75-100% of spinal cord 
is affected. 

T1 – T1W MRI availability: + = yes, - = no 

FLAIR – T2W FLAIR MRI availability: + = yes, - = no 
Fluid-filled cavities – presence of fluid-filled cavitations in spinal cord parenchyma: + = yes, - = no 

Length of the cavitation – length of intramedullary cavitations in sagittal MRI views (ratio to L2 vertebral body lenght) 

Cavitation degree – degree of cavitation in transverse MRI views: 0= no cavitation; 1= 1-35%; 2=35-75%; 3=75-100% of spinal cord is affected 
Dilated central canal – presence of dilated central canal: + = yes, - = no 

Hyperintensity in T2W MR images before decompressive surgery – hyperintensity in initial T2W MRI immediately following SCI.  
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Table 4. Length of intramedullary lesions and cavitations at different intervals  

following SCI in dogs with positive outcome. 

 

Number 
Time interval following 
SCI 

Extent of intramedullary 
lesions 

Extent of 
cavitations 

295777 3 0.83 0.83 

293592 2 0.59 0.19 

293592 3 2.09 0.19 

293592 5 2.09 0.41 

294431 3 1.89   

294431 4 2.08   

299814 3 3.35 0.28 

299806 3 2.86 0.68 

300643 3 1.05 1.05 

300613 3 0.06 0.06 

301404 2 2.16 1.8 

301404 3 3.17 2 

302310 3 4.66 1.26 

297517 3     

298282 3 0.21 0.21 

298345 2 1.63 0.73 

298345 3 3.33 1.36 

298345 4 3.33 1.68 

278909 3     

68725 9     

154052 9     

155645 9 1.2 0.72 

303297 2 0.99 0 

303297 3 0.76 0.38 

304662 3 4   

304000 3 1.51 0.46 

303802 3 1.66 0.25 

301492 3 2.04 0.39 

306355 3 1.53 0.33 

301138 3 1.85 1.24 

 

Time interval following SCI - MRI in relation to SCI: 0=1-3 days following SCI; 1=1-3 weeks; 2=3 weeks-2 months; 3=2-5 months, 4=5-8 months, 

5=8-11 months, 6=11-14 months, 7=14-17 months; 8=17-20; 9=>20 months following SCI 

Extent of intramedullary lesions – intramedullary lesion lenght (ratio to L2 vertebral body length) 

Extent of cavitations – lenght of intramedullary cavitations (ratio to L2 vertebral body length) 
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Table 5. Length of intramedullary lesions and cavitations at different 

intervals following SCI in dogs with negative outcome. 

 

Number 
Time interval following 
SCI 

Extent of intramedullary 
lesions 

Extent of 
cavitations 

290702 3 5.04 4.6 

290702 3 5.04 4.6 

290702 4 5.04 4.6 

290702 5 5.04 4.6 

303501 2 1.41 1.0 

303501 3 3.51 2.79 

303501 4 3.51 2.79 

302673 5 7.23 6.96 

302673 6 7.23 6.96 

302673 6 7.23 6.96 

302673 7 7.23 6.96 

288349 3 6.61 4.68 

288349 3 6.98 6.98 

288349 4 8.52 7.33 

288349 5 8.52 7.33 

286437 4 5.6 5.6 

286437 4 5.6 5.6 

286437 5 5.6 5.6 

286437 6 5.6 5.6 

293629 6 8.61 7.22 

293629 6 10.72 9.76 

293629 7 10.72 9.76 

293629 8 10.72 9.76 

295863 5 7.6 6.02 

295863 5 7.6 6.02 

296933 2 1.69 
 

296933 3 3.31 1.39 

296933 4 3.31 1.39 

297481 2 4.98 1.15 

297481 3 4.98 3.61 

297481 4 4.98 3.61 

298390 6 3.7 3.21 

298390 6 4.65 3.74 

298390 7 4.65 3.74 

298390 8 4.65 3.74 

301041 3 10.78 8.57 

301041 4 10.78 8.57 

301041 5 10.78 8.57 

301041 6 10.78 8.57 

301240 4 0.87 0.47 

301240 5 2.02 1.64 

301240 6 2.02 1.64 
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Continued -Table 5 . Length of intramedullary lesions and cavitations at different 

intervals following SCI in dogs with negative outcome. 

 

Number Time interval following SCI Extent of intramedullary lesions 
Extent of 
cavitations 

301240 7 2.02 1.64 

301900 2 8.62 4.05 

301900 3 8.62 4.05 

301900 3 8.62 4.05 

301900 5 8.62 4.05 

38125 2 2.92 4.38 

38125 3 2.92 4.38 

38125 4 2.92 4.38 

304147 2 5.7 3.87 

304147 3 5.7 3.87 

304147 4 5.7 3.87 

307807 2 0.53 0.37 

307807 3 0.53 0.37 
 

 

Time interval following SCI - MRI in relation to SCI: 0=1-3 days following SCI; 1=1-3 weeks; 2=3 weeks-2 months; 3=2-5 months, 4=5-8 months, 
5=8-11 months, 6=11-14 months, 7=14-17 months; 8=17-20; 9=>20 months following SCI 

Extent of intramedullary lesions – intramedullary lesion lenght (ratio to L2 vertebral body length) 

Extent of cavitations – lenght of intramedullary cavitations (ratio to L2 vertebral body length) 
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